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PreFace 


In this second edition of Capital Budgeting , we seek to implement three objectives: 
improve the text as a teaching tool; expand certain topics and introduce new 
materials to keep the subject matter abreast of the times; and correct deficiencies 
culled from the generally favorable reviews earned by the first edition. It is to be 
hoped that the product will better serve the needs of those with whom we are 
primarily concerned: the senior-level undergraduate and graduate students 
interested in careers in profit and not-for-profit enterprise. They will apply the 
principles illustrated and, through the interplay of theory and practice, contrib¬ 
ute to the advancement of financial management. 

To maintain and enhance the strengths of the text for the student use, we 
pledge to avoid that bane of second (and subsequent) editions; namely, the 
proliferation of chapter appendixes that undermine the continuity of subject 
matter. Returning readers will find in Capital Budgeting , Second Edition, that new 
and revised materials are completely integrated with the subject matter under 
discussion. Moreover, the manuscript has been partitioned into modules. This 
aspect enables the instructor to pick up the discussion at a level commensurate 
with the achievements of his or her student group. In this respect, the topics 
considered assume an acquaintance with finite mathematics and college statistics. 
Such prerequisites reflect the maturity of computer-assisted decision-making in 
financial management. 

Part I, the first module, introduces the subject and reviews basic tools and 
concepts relevant to capital budgeting. If the student has had prior 'exposure to 
these tools and concepts, the instructor may wish to assign these chapters for the 
student to read as a refresher and spend only limited classroom time for review. 
Part II, on the other hand, takes up the details of project evaluation and cost of 
capital under conditions of unchanging risk. The discussion goes beyond the 
simple illustration of project-evaluation techniques to explore problems arising in 
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application. All financial models rest upon assumptions and employ either cash 
flows or book values in their calculations. The majority are static models, making 
no attempt to trace movements in the variables measured through time. Unless 
aware of such underlying qualifications, the future practitioner of the art may be 
entrapped into conclusions that do not square with the reality of a dynamic 
business environment. Part II constitutes a logical starting point for students with 
prior course work in financial management. 

Part III focuses on computing the incremental cash benefits and expenses 
traceable to the proposed capital project. More so than in competing texts, 
emphasis is placed on the role of forecasting in developing the cash flows. 
Forecasting represents an integral part of capital budgeting. In addition, we treat 
explicitly the issue of adjusting cash flows for price trends, i.e., long-term upward 
or downward swings in the general price level. “Inflation” or “deflation,” to use 
the terms loosely, impact cash flows, costs of capital, sustainable growth rates, 
and so forth. Finally, in putting the cash flows on an after-tax basis, the 
provisions of the Economic Recovery Tax Act of 1981 and the Tax Equity and 
Fiscal Responsibility Act of 1982 are employed. 

The student is now ready to approach the issue of risk in project evaluation 
(Part IV). The essence of the discussion lies in the determination of expected 
return and standard deviation for portfolios of securities and capital projects. An 
ample number of illustrations and problems depict the use of decision trees in 
risk analysis, the utilization of probabilities and the calculation of expected NPV 
or expected IRR, variances, and covariances. The subject matter of Part IV 
leads ineluctably to a study of the Capital Asset Pricing Model (CAPM). The 
three chapters of Part V are devoted to the theoretical constructs of CAPM, its 
application to the capital asset evaluation, and to a critique of CAPM theory. 
The latter incorporates the contributions of earlier research, as well as the more 
recent dissents of Roll and others. We attempt in this module to offer a balanced 
presentation of pros and cons, supported by a bibliography to assist the assign¬ 
ment of research papers. 

Part VI turns to mathematical programming for the evaluation of capital 
projects and the formulation of capital budgets. Linear programming and its 
variations—integer programming, goal programming, quadratic programming, 
and dynamic programming—are described with stress on the assumptions of 
each formulation and the interpretation of outputs. Our objective in this module 
is to prepare the student for the ever-growing use of such computer-aided models 
by making him or her capable of stating a capital budgeting problem in terms of 
an objective function and constraints, interpreting the results of the program, 
and performing sensitivity analysis on the “optimal” solution. 

The last module, Part VII, treats several significant topics in capital 
budgeting of particular concern in today’s economy. These include: leasing, 
expanded from the first edition to include both lessor and lessee perspectives; 
capital budgeting in the multinational firm; and business combinations. Each 
chapter is a self-contained unit and the instructor may use these chapters 
according to the inclinations of the student body. On the other hand, we deem it 
appropriate to round out the discussion on a synoptic note. The final chapter 
looks to strategic planning vis-a-vis capital budgeting, the latter comprising a set 
of techniques to implement the firm’s long-term objectives. This perspective 
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serves to expose areas of possible inconsistency between strategic plans and the 
naive application of capital budgeting techniques. 

In summary, enumeration of new and expanded materials in the second 
edition involves the following: 

All illustrating problems and student exercises conform to the requirements 
of the Economic Recovery Tax Act of 1981 and the Tax Equity and 
Fiscal Responsibility Act of 1982. In addition, a separate chapter is 
devoted to the new tax law. 

Methods are described for adjusting the cash flows for “inflationary” or 
“deflationary” movements in the general price level. 

An expanded treatment of capital asset pricing model is included to incorpo¬ 
rate recent dissenting research. 

An expanded treatment of leasing includes the issue of lease versus sell, the 
transferability of tax deductions, and the establishment of a bargaining 
area between the lessor and lessee. 

The nexus between strategic planning and capital budgeting and the issue of 
sustainable rates of growth at the firm level are discussed. 

Collectively, we express our appreciation to reviewers of the first edition who 
identified areas of possible improvement as well as to our colleagues who devoted 
time and effort to assessing the present manuscript prior to publication. We are 
especially indebted to: 


Richard H. Bernard 

North Carolina State University 

Randolph A. Pohlman 
Kansas State University 

John F. Muth 

Graduate School of Business 

Indiana University 

Francis S. Yeager 
University of Houston 


Dennis E. Logue 
The Amos Tuck School 
Dartmouth College 

Arthur C. Gudikunst 
Babson University 

George W. Hettenhouse 
Graduate School of Business 
Indiana University 

Jonathon B. Welch 
Northeastern University 


In addition, our students at Drexel University provided valuable feedback to 
the authors on the first edition and the manuscript for the second edition which 
was extensively class tested at both the graduate and undergraduate levels. To 
all of our students goes a collective thanks. Several of our graduate students 
deserve special acknowledgment for their contributions: Daniel W. Davis, Anne 
G. McGinn, Donald Scholtz, Tom Sheridan, and Pamela S. Wohlschlegel. 

Besides the reviewers and our students, we appreciate the contributions of: 
John D. Benstead, CPA, Tax Partner, Deloitte Haskins and Sells for his review 
of Chapter 10—Taxation and Depreciation; Oliver H. Winn, Ph.D., Director of 
the Management Information Systems Center, Glassboro State College for his 
preparation of the programs for Chapter 9—The Management of Forecasting, 
Sensitivity Analysis, and Adjustment for Price Trends; Joseph L. Naar of The 
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Conference Board, Inc., for timely inputs and advice on current business 
practices; Arthur H. Rosenfeld of Warren, Gorham, and Lamont, Inc., for the 
use of their comprehensive annuity and discount tables; Dean Paul E. Dascher, 
College of Business and Administration, Drexel University, for his continuing 
encouragement and support, and for providing clerical help during the prepara¬ 
tion of both editions; and finally David C. Hildebrand, Editor, Economics and 
Finance, at Prentice-Hall, as well as his staff, provided capable and efficient 
assistance in producing the final product. Numerous other individuals have 
helped to improve the quality of the text; to them we offer a collective thank 
you. 

Comments from readers of the second edition are welcomed and encour¬ 
aged. 


John J. Clark 
Thomas J . Hindelang 
Robert E. Pritchard 



_1 

IlNTRoduCTiON 
TO tIhE MANAqEMENT 
of CApiTAl Assets 


Capital budgeting' is the decision area in financial management that establishes 
goals and criteria for investing resources in long-term projects. Capital invest¬ 
ment projects commonly include land, buildings, facilities, equipment, vehicles, 
and the like. The decisions made regarding the acquisition, maintenance, and 
abandonment of these assets are extremely important to most companies for the 
following reasons: 

1. These assets normally represent relatively large commitments of re¬ 
sources. 

2. The funds traditionally remain invested for long periods of time. 

3. The need for working capital is generally tied closely to the use of 
physical assets. 

4. The future development of the firm hinges on the selection of capital 
investment projects, the decision to replace existing capital assets, and the 
decision to abandon previously accepted undertakings that turn out to be less 
attractive than originally thought. 

Thus, the capital budgeting effort is an integral part of the strategic manage¬ 
ment process . Also, the capital budget constitutes a significant part of a company’s 
business plan. 

We refer to capital budgeting in terms of projects. Most of these projects have 
to do with investments in the company’s plant and equipment. The expansion 
and contraction of physical assets is a major application of capital budgeting 
techniques. But these techniques apply equally well to the valuation of advertis¬ 
ing commitments, to the management of the company’s financial structure 
(refunding of a bond issue, for example), to a decision about purchasing or 
leasing an asset, to the valuation of other firms for purposes of combination, and 
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to the management of research and development funds. The methodology of 
capital budgeting may also be applied to the questions of project termination, 
divestiture of a segment of the business, and total liquidation of the business. 

Capital budgeting offers a method of analysis and decision criteria that can 
be employed in government, as well as in private enterprise, and in the 
evaluation of both civilian and governmental projects. In the latter instance, the 
technique is generally referred to as cost-effectiveness analysis or, when placed in a 
broader context, as systems analysis. This has been applied mostly by the Depart¬ 
ment of Defense, but has since spread to other agencies of the federal govern¬ 
ment and is now filtering down to the state and local level. 

In order for management to establish a procedure for developing a capital 
budget and for authorizing the acquisition and disposal of assets, it is necessary 
first to develop a framework that considers the short- and long-term attitudes 
and needs of such groups as the owners, employees, and customers—that is, to 
establish a framework for strategic planning. This is the subject of the following 
section. 


THE FRAMEWORK FOR STRATEGIC PLANNING 

Strategic planning is necessary because the world is in constant flux—once-rea- 
sonable plans frequently turn out to be in error. Thus, management needs a 
dynamic planning process that will flex as conditions change, yet continually meet 
the needs of the various groups to whom the firm has a responsibility. 

The notion of flexibility in planning is not new, but historically the degree of 
flexibility needed in the short run has been limited more to fine tuning than to 
major changes. The idea of capital abandonment was linked to managerial 
“ mistakes,” and consequently many companies made little effort to follow up on 
forecasts or to apply strict financial control systems to the acquisition and 
implementation of projects. 

Electric utility companies in particular have felt the brunt of strong criticism 
from customers and regulatory agencies. Construction cost overruns and in 
some instances—excess capacity, combined with increased fuel costs and en¬ 
vironmental requirements, have led to steep rate increases. Yet, construction of 
generating facilities normally takes several years and the plans for construction 
must be predicated on the best existing forecasts—forecasts based on current 
economic and demographic trends. Academically, one can easily consider the 
shutdown of construction if actual demand for electricity does not meet the 
forecast amount or the purchase of electricity from another company if demand 
exceeds expectations. But in either case, management will be subject to harsh 
criticism for poor planning. 

Certainly, there are no global remedies to the difficult forecasting problems 
faced by management. And, many companies do reward executives for short-term 
performance linked to meeting short-term profit objectives. Astute middle 
managers quickly learn how to maximize short-term profits by cutting back on 
research, going slow on expensive modernization and retooling, and neglecting 
maintenance. Once a division is squeezed for all the profit it s worth, the 
manager normally leaves to take a higher-paying position at another company. 
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Such scenarios have been played all too frequently. As a result, the top 
managements of many companies have realized the necessity of structuring 
management compensation packages to reward employees who think and plan 
on a long-term basis. Recognizing that long-term commitments of resources can 
result in lower short-term profits, the banking and financial communities in 
Japan have entered into long-term growth commitments with Japanese industry 
—commitments designed to encourage increases in productivity and output and 
competitiveness in the world markets. This cooperative attitude may well be an 
indication of changes to come within the American investment community if 
American industry is to remain competitive. 

It is within the context of recognizing the importance of capital budgeting 
both to the individual firm and to the economy overall that we set forth the 
following set of assumptions to provide a framework for developing a capital 
budgeting program. 


ASSUMPTIONS BASIC TO THE DEVELOPMENT OF A CAPITAL 
ACQUISITION PROGRAM 

Assumption 1; The primary function of management is to increase the value of the firm 
as reflected by the price of the common stock . Others would argue that 
management must satisfy the needs of the many competing interest 
groups to whom the firm has a responsibility, while maintaining a 
satisfactory” level of profits. The problems inherent in both maximiz¬ 
ing andsatisficing” are handled through the use of mathematical pro¬ 
gramming and, specifically, goal programming, the subjects of Chapters 
19 through 22. 

Assumption 2: Owners have a preference for current , as opposed to future , income. 
Investors must be compensated for postponing the recovery of their 
investments and their returns on investment. Since the benefits of capital 
acquisitions are received over a future period, the time element lies at the 
core of capital budgeting. The firm must time the start of a project to 
take advantage of short-term business conditions and finance the project 
to take advantage of trends in the capital markets. In addition, the 
longevity of capital assets and the large outlays required for their 
acquisition suggests that the estimates of income and cost associated 
with the project be discounted for the time they are received or paid out. 
The methodologies of discounting cash flows to their present values form 
the basis upon which projects may be evaluated and ranked. These 
methodologies are introduced in Chapters 2 and 3 and used throughout 
the remainder of the text. 

Assumption 3: Shareholders are risk-averters. As such, they demand increasingly 
greater returns as their perceived risk of the firm increases. We examine 
the problems of capital budgeting under conditions of changing risk in 
Part IV and deal with utility analysis, which has to do with the 
relationships between risk and return, in Chapter 12. 

Assumption 4: In selecting projects for acquisition or abandonment , it is necessary to 
evaluate the incremental cashflows attributable directly to the project rather than to 
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historical or sunk costs. The estimation of cash flows is directly related to 
the process of forecasting, the subject of Chapter 9. Using operating 
forecasts, relevant tax and depreciation information may be incorpo¬ 
rated to produce the cash flows estimates. This process is the subject of 
Chapters 10 and 11. 

Assumption 5: Cash-flow analysis may differ from accounting-income reporting. The 
analysis for long-term asset management is made on a cash-flow basis, 
as opposed to the determination of project accounting income. By the 
end of the project’s life, of course, the cash and accounting basis will 
reconcile, but in any given fiscal period the net return calculated on a 
cash or accounting basis may diverge quite significantly. A project that 
appears favorable in the long run may show negative results in the early 
periods. This can create important political problems for management if 
it believes that accounting reports influence stock prices and investor 
decisions. As we shall see, the evidence on this point is not conclusive. In 
any event, the analyst must bear in mind the effects of the project on 
each period’s accounting results. We deal with the problems of reconcil¬ 
ing project cash flows and accounting income in Chapter 21, where goal 
programming (a multiple criteria model) is examined. 

Assumption 6: Since capital acquisition represents long-term commitments , forecasting is 
essential to the process. Investment decisions are always based upon in¬ 
come information using forecasts of future revenues and costs. We know 
from experience that such forecasts will always err, and the degree of 
error may correlate (but not always) with the duration of the project. 
Short-term forecasts generally display less risk than long-term forecasts. 
The future dimly seen entails risk , and any appraisal of a capital 
project, therefore, must necessarily comprehend some assessment of the 
risk accompanying the project. 

Assumption 7: The current trend in asset acquisition exhibits management's risk 
posture . The capital budget concentrates on the benefits and costs of 
projects and the decisions made determine the composition of the firm’s 
total assets and the business-risk complexion of the enterprise. The 
capital budget shapes operating plans for several years in the future and thus 
indicates management’s risk posture. 

Nonetheless, it is not the project that is central to our planning but 
the firm—its continued existence and development. Hence, although 
the analysis may yield “reliable” estimates of the project’s expected rate 
of return and risk, the question arises as to what impact these have on 
the firm’s return on assets and risk posture. If the project enhances the 
rate of return on the firm’s assets but makes the operation more risky or 
increases the possibility of insolvency, do we want the project? The 
answer may still be affirmative, but the question must be faced, 
nevertheless. Investors do not simply add new shares to their portfolios 
without regard to their current holdings; in like manner, financial 
managers do not (or at least, should not) simply add projects without 
regard to the firm’s overall financial performances. A high rate of return on 
a project is not enough to justify its acceptance. The key question is: Does the 
acceptance of the project increase the market value of the common shares ? 
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Assumption 8: Every capital project has to be financed and there are no free sources of 
capital Most firms strive to maintain a capital structure (a combination 
of debt capital and equity capital) that will minimize their financing 
costs. Accordingly, we need to know not only whether the adoption of 
this or that project increases the market value of the common shares, but 
also the related question of whether the acceptance of the project 
increases the debt-carrying capacity of the firm. 

In Chapter 8 we provide the methodology for determining the 
firm’s cost of capital and optimal financial structure using “conven¬ 
tional wisdom.” The problem of determining the cost of capital is 
examined again as a part of our study of Capital Asset Pricing in 
Chapter 17. 

Assumption 9: Capital budgeting always involves allocating scarce resources among 
competing investment opportunities . The constraints are twofold in nature: 
financial and managerial. The whole capital budgeting process is 
managerial, and a firm is constrained by the limits of its managerial 
ability, as well as by its access to the capital needed to carry out a 
capital budget. 

The methods for ranking projects in order of their desirability to the 
firm are discussed initially in Chapter 4 and further in Parts IV, V, and 
VI. In addition, the question of leasing as an alternative to purchasing is 
examined in Chapters 23 and 24. The subject of project financing is 
discussed in Chapter 27. 

Assumption 10: The capital budgeting process is expensive. The applications of 
capital budgeting techniques are many and varied. In theory, a very 
large number of problems lend themselves to analysis by the methods 
described in the following pages. However, analysis absorbs time and 
money, especially the more sophisticated techniques of ranking and risk 
management. The cost of these approaches must be justified by the 
perceived benefits. Theory adapts to circumstances. Conceptually ap¬ 
pealing—but costly—techniques of analysis do not merit across-the- 
board application. Accordingly, in establishing a capital budgeting 
program within the firm, the first rule involves establishing a cutoff by 
size of expenditure; that is, projects requiring an investment over a 
specified amount will be subject to much scrutiny; below this amount, 
less costly criteria of acceptance will be applied. 

There are other important aspects of the capital acquisition process that 
warrant serious consideration. These come about from the rapidly changing 
economic conditions, and—in particular—inflation. 


CAPITAL BUDGETING IN PERIODS OF INFLATION 

The most pervasive economic problem during the past Several years has 
been inflation. The difficulties encountered by management resulting from 
inflation warrant mention at this time. 





6 Part I: Introduction to Capital Budgeting and Discounted Cash Flow 

First, the measures of inflation, such as the consumer and producer price 
indices, are misleading and generally do not represent the actual level of 
inflation experienced by either households or companies. It is therefore necessary 
for management to compute the inflation rate applicable to its particular 
company. This is easily accomplished by taking a weighted average of the 
increases in prices of each input to production. The relative “weighting” is in 
proportion to the amount of each input used. Projecting an inflation rate may be 
accomplished using the same methodology, but estimates of cost increases are 
required for each input. 

Second, inflation tends to exaggerate profits and distort many financial 
ratios and measures of return on investment. 

Third, since price changes have differed so greatly among the various inputs 
to production, the degree of risk associated with a particular project becomes 
increasingly dependent upon the inputs it will require over its useful life. This 
necessitates close monitoring of costs and may lead to early capital abandon¬ 
ment. Witness, for example, the large fleets of jet aircraft moored in the 
desert—abandoned before their time as a result of the quantum leaps in fuel 
prices that caused the airlines to purchase more efficient airplanes. 

Fourth, inflation leads to higher and more volatile interest rates. Irving 
Fisher was one of the first to argue that the going rate of interest contained a real 
component, which tended to be constant, plus a premium for inflation, which 
changed with the inflation rate. 1 Keynesians argue that the real component also 
changes, but in either event, interest rates are certainly positively correlated to 
the inflation rates. Volatile interest rates force changes in the timing of capital 
asset acquisitions; high interest rates force the cost of capital upward and cause 
postponement or rejection of normally acceptable projects. Further, high interest 
rates lead to an unexpected anomaly: the need for accurate long-range planning 
diminishes in importance in periods of high interest because the discounted value of 
funds to be received beyond a 5- or 6-year horizon is generally of negligible 
importance to the process of project selection. 

Fifth, inflation undermines the value of financial statements—and especially 
of the balance sheet. Historical accounting practices have assumed relative 
stability of price levels. Ongoing inflation leads to experiments with inflation 
accounting and the like. 

Sixth, inflation encourages mergers, as well as divestiture, of operating 
divisions. See Chapter 26 for a discussion on mergers and acquisitions. 

We discuss the problems of inflation and how to deal with them within the 
context of capital budgeting in Chapter 9. 


The Capital Budgeting Process—A Managerial Overview 

As noted earlier, capital budgeting is a managerial process and one that lies 
at the heart of the company’s future. It is ongoing, starting with the determina¬ 
tion of owner objectives and, based on those objectives, establishing the basic 


'Irving Fisher, The Rale of Interest (New York: Macmillan Publishing Co., Inc., 1907); and The Theory 
of Interest (New York: Macmillan Publishing Co., Inc., 1930). 
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financial goals of the business. We argue throughout this book that the primary 
goal of management is to maximize the value of the business, as reflected by the 
price of the common stock. We are cognizant of other goals, such as maximiza¬ 
tion of sales, minimization of costs, and maintenance of market share, but we 
recognize that such goals must be subordinate to maximizing the value of the 
business. 

Nonfinancial goals and environmental, safety, and other regulations must be 
taken into account. The role of the firm within the community and its relation¬ 
ship to its employees, customers, and the society as a whole must be considered. 
Such relationships may augur for investments in projects that make little or no 
contribution to the value of the firm but do reflect the “ values” of the owners 
and management. Further, regulatory agencies force nonproductive capital 
expenditures that absorb both financial and managerial resources and add to the 
burden of profitable investments. Priorities for both nondiscretionary and discre¬ 
tionary projects must be established. 

Capital budgeting is a part of long-range planning and therefore must be 
integrated into the firm’s business plan. Development of the business plan 
requires close examination of the company’s position within the marketplace in 
terms of size and penetration of existing and future product lines. This leads to 
the examination of the physical plant in order to assess the capability of meeting 
market objectives and securing the necessary inputs to production. The changing 
marketplace and availability of inputs may suggest vertical or horizontal in¬ 
tegration or the divestiture of some existing capability, perhaps as a means of 
generating funds for more profitable ventures. All of this takes place within a 
changing economic, political, and tax environment. 

The need to collect complete and accurate information thrdughout the 
company with respect to needed capital investments requires the development of 
a capital budgeting manual—a manual that details what information is re¬ 
quired, who will supply it, and when it will be supplied. Ground rules must be 
established for assessing the relative values of competing projects and for 
deciding which may be delayed or postponed. Typically, most capital expendi¬ 
tures have to do with replacement decisions and thus involve not only operating 
costs, but such factors as potential obsolescence, in-house fabrication expertise, 
the cost-effectiveness of rebuilding versus replacement, and leasing versus own¬ 
ing. Of course, these factors relate to new acquisitions as well. As our horizon 
expands to include industrial engineers, we find that they view production in 
terms of processes and look at plant and equipment in terms of overall processes 
rather than as individual entities. Relatively simple questions, such as the 
replacement of an aging boiler, grow increasingly complex when the boiler is 
viewed as a part of an aging plant, each component of which will ultimately 
have to be overhauled or replaced within the planning horizon. 

The process of data collection and evaluation immediately suggests that 
projects fall into various classes with respect to risk. Thus, management must 
develop rules for classifying projects with respect to their perceived risks in 
relationship to the firm as a whole. The evaluative and ranking criteria will have 
to be modified to handle projects that are more or less “risky.” In some 
instances, management will opt to avoid certain projects that have “good 
numbers” because of preconceived notions or past experiences; the human 
factors and corporate politics play a large part in the capital acquisition process. 
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The capital budget must be integrated into the cash budget; expenditures 
are limited to the availability of funds. In addition, allocation of all available 
funds to budgeting items would be overly optimistic—historical spending pat¬ 
terns indicate that the unforeseen always happens; contingency planning is a 
part of capital budgeting. 

A budget is simply a plan for spending and does not authorize expenditures. 
The procedures for expenditure authorization vary from company to company 
and require the development of a capital budgeting manual. The same proce¬ 
dures for authorizing expenditures must be applied uniformly throughout a 
company and everyone involved must be aware of them. The Conference Board 2 
has researched this aspect of capital budgeting. The results of their study provide 
valuable insight to the student of financial management. 

Once expenditures have been authorized, strict cost controls need to be set 
into effect. Monitoring costs and establishing crucial “go” and “no-go” decision 
points are important to limiting cost overruns. PERT/critical-path-monitoring 
systems are effective tools for controlling larger projects. The lessons learned 
from close cost control can help improve future estimating procedures, as well as 
point to problems with projects under completion. 

Finally, when acquisition is completed and the project has been imple¬ 
mented, it is time to examine how closely the actual revenues and costs match 
the estimates. This aspect of capital budgeting has been met with minimal 
enthusiasm in most companies. Yet, if we are to rely on future estimates, we must 
know if historical estimates have met the tests of time; if not, we must know the 
reason for the deviations. For most individuals and companies alike, recognizing 
and understanding the cause for errors is a most edifying process. But, learning 
from past successes and mistakes is only one benefit of the monitoring process; 
the more important benefit has to do with the ongoing evaluative process—should 
an asset be maintained or liquidated in favor of a potentially more valuable 
acquisition? Nothing is static. Capital abandonment is a very real part of asset 
management. 

This brief discussion alludes to the numerous facets and intricacies of the 
capital acquisition process. Our goal is to provide the analytical tools necessary 
to the process and also some insights into how the process is actually carried out. 
Initially we will rely upon the analytical methodology of discounted cash flow — 
interest calculations and the reverse function of discounting funds back to their 
present value. These are the topics of the following two chapters. 


QUESTIONS/PROBLEMS 


1. What are the basic components of capital budgeting analysis? 

2. Explain what is meant by nondiscretionary capital budgeting projects and assess their 
significance. 

3. What is the importance of a business establishing well-defined acceptance criteria for 
capital investment projects? 

2 Patrick J. Davey, Capital Investments: Appraisals and Limits. (New York, The Conference Board, 1974). 
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4. How can you, as financial manager, explain the possibility of inaccuracies in a 
forecast cash flow for a given project? 

5. The novice to capital budgeting may interpret the term project to mean only a new 
investment in plant and equipment. Evaluate this assumption as it relates to the 
overall theory of the firm. 

6. What are the basic assumptions underlying capital budgeting theory? 

7. If a project that enhances the rate of return on a firm’s assets is rejected because it 
increases the possibility of insolvency, other goals of the firm have been Brought into 
the decision process. What are some of the goals of a firm that should be considered 
in evaluating a capital investment project? 

8. Explain the significance of a business plan and indicate how it relates to capital 
budgeting. 

9. Develop an outline for a capital authorization procedure indicating how and at what 
levels of management authorization decisions may be made. 

10. Project: Visit a financial officer involved with capital budgeting in a major company 
and review the capital budgeting process at that company. If possible, borrow or 
discuss their capital budgeting manual and the analytical processes which they use to 
evaluate and monitor expenditures. 




Interest ancI AnnuMes 


In Chapter 1 we indicated that central to the process of evaluation of capital 
investments is the discounting of cash flows to be recovered in the future to their 
present values. In this chapter dealing with the mathematics of discounted cash 
flow , we detail the computations involving simple and compound interest and the 
future value of an annuity. Here, we start with a present sum and determine its 
value in the future. In the following chapter, we reverse the process and ascertain 
the present value of sums to be received in the future. 


SIMPLE AND COMPOUND INTEREST 

Simple interest is computed using Equation (1). 

/-(/•)(«)( 0 (!) 
where 1= dollar amount of simple interest earned 
P — principal 

i — rate of return (interest rate) 
t = time period for which funds are invested 

At the end of the period t, the accumulated fund equals the amount of interest 
earned (/) plus the original principal (P). 

Simple interest is computed on the principal outstanding at the time of the 
interest calculation. The time of calculation could be the end of a month, 
quarter, year, and so on. The compound sum after one period is calculated using 
Equation (2): 

5 = P(l + i) (2) 


where S = compound sum. 
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Funds may be compounded annually or more frequently. The easier case of 
annual compounding is considered first. If funds are invested with annual 
compounding, the compound sum after n years is found using Equation (3): 

Sn-P{ 1+0" (3) 

where S n = compound sum after n years 
n = number of years 


□ EXAMPLE 1 Compound Interest 

A depositor puts $3,000 in a bank at 5%, compounded annually, for 3 years. 
Determine the amount that will have accrued at the end of 3 years. 

Solution: Use Equation (3), as follows: 

S n = $3,000(1 + 0.05) 3 
= $3,000(1.157625) 

= $3,472.88 

At the end of 3 years, the depositor will have $3,472.88. □ 


The calculations involved in Example 1 are tedious. Use of the first column, 
“Amount of $1,” in Appendix B, “Compound Interest and Annuity Table,” 
greatly simplifies the problem. The factors are referred to as single payment/com¬ 
pound amount factors. In Example 1, for instance, reference to the 5% page, 3-year 
row gives the interest factor 1.157625. This factor is then used rather than raising 
(1 + 0.05) to the third power. 

Frequently, interest is compounded semiannually, quarterly, daily, or con¬ 
tinuously. Equation (4) may be used to determine the compound sum in such 
instances. 

S.-f( 1 +i)" (4) 

where m = number of times interest is compounded annually 
f=the annual interest rate 


□ EXAMPLE 2 Compound Interest 

A depositor placed $3,000 in a bank for 5 years, at 6% annual interest, with 
compounding quarterly. Determine the amount on deposit at the end of the 5-year 
period. 


Solution: 


S n - $3,00011 + ^ 

= $3,000(1.015) 20 
= $3,000(1.347) 


4X5 


= $4,041 

At the end of 5 years the depositor had $4,041. 


□ 
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EXPONENTIAL EFFECTS OF COMPOUNDING 

Equation (3) is an exponential function , which is significant for two reasons. 
First, the compound sum (S n ) increases at an increasing rate. For example, if 
$100.00 were invested at 10%, the compound sum would be $110.00, $121.00 
and $133.10 after 1, 2, and 3 years, respectively. Second, the compound sum 
increases at an increasingly faster rate at higher rates of interest. For example, 
consider the compound sum of $100.00 after 20 years invested at the following 
rates: 6%, 8%, 10%, and 12%. The compound sums are $320.71, $466.09, 
$672.75 and $964.63. Notice that the difference between the compound sum at 
6% and 8% is $145.38, while the difference between the compound sum at 10% 
and 12% is $291.88—more than twice the former. The exponential effects 
of compounding are graphically demonstrated in Figure 2—1. 


FIGURE 2-1 Exponential Effects of Compounding 
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COMPOUND INTEREST AND THE REINVESTMENT RATE 

Throughout the sections on compound interest we have implicitly assumed a 
constant reinvestment rate . This means that all interest obtained from an investment 
is reinvested at the stated rate of return for that investment during the life of the 
investment. This is a very important assumption, as all interest, annuity, and 
present-value tables are constructed based on a constant reinvestment rate. 

Most investments do not have a constant reinvestment rate. An example of 
one that does is a bank certificate—interest is normally either paid at specified 
periods or may be reinvested at the rate paid on the certificate. In the latter case, 
the interest is returned to the investor when the certificate matures. An example 
of an investment that does not have a constant reinvestment rate is a bond. 
There is a periodic payment of interest (generally semiannually). The reinvest¬ 
ment rate for the interest depends upon the market return available on a security 
of comparable risk at the time the interest is paid. 


CONTINUOUS COMPOUNDING 


Some financial institutions utilize continuous compounding. Equation (4) 
then becomes Equation (5): 


S n = P 



Equation (5) can be rearranged as follows: 


( 5 ) 



/ i \ m/i ' 

in 

lim 

1+- 


m—* oo 

L\ m J 



The limit as m approaches infinity of (1 + is the base of the 

natural or Naperian logarithm system. An irrational number, * has an ap¬ 
proximate value of 2.7182. 

Equation (5) can be rewritten as Equation (6): 


S n = Pe in ( 6 ) 

Values of e x are contained in Table 2-1. 


TABLE 2-1 


X 

e x 


0.01 

1.0101 

0.08 

0.02 

1.0202 

0.09 

0.03 

1.0305 

0.10 

0.04 

1.0408 

0.15 

0.05 

1.0513 

0.20 

0.06 

1.0618 

0.25 

0.07 

1.0725 

0.30 


Values of e* 


e x 

* 

e x 

1.0833 

0.35 

1.4191 

1.0942 

0.40 

1.4918 

1.1052 

0.45 

1.5683 

1.1618 

0.50 

1.6487 

1.2214 

0.55 

1.7333 

1.2840 

0.60 

1.8221 

1.3499 

0.65 

1.9155 
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□ EXAMPLE 3 Continuous Compounding 

A depositor placed $4,000 in a bank for 5 years, at 5% annual interest, with 
continuous compounding. How much did the depositor have at the end of the 5 years? 

Solution: Using Equation (6) and Table 2-1, we have 

S n = $4,000<? (OO5)5 

= $4,000<?°' 25 
= $4,000(1.2840) 

= $5,136 

At the end of 5 years the depositor had $5,136. a 


COMPOUND SUM (FUTURE VALUE) 
OF AN ANNUITY 


Frequently, it is necessary to save a certain sum each year in order to 
accumulate a required amount within a given time period. In general, savings 
are made at the end of the year and the annuity tables are constructed in that 
manner. 

When a payment is made each year for a period of n years, at interest rate i , 
the future value is expressed as follows: 

F= Af \ + i) n 1 + A 2 ( 1 + i) n 2 + * * • + A n ( 1 + 0 (7) 

where F= future value of the annuity 

A x> A 2 , . • • ,A n = amounts paid into the annuity at the end of the year 
i = rate of return 
n = number of years 


If the payments are equal each period, then Equation (7) may be rewritten 
as Equation (8): 

F = A(l + i) n 1 + A{\ + *)" 2 + -"+A 
= ^[(1 + *')” 1 + (1 + i) n 2 + • • • + (1 + 0 + l] (8) 

Multiplying both sides of the equation by (1 + i\ 

f(i + 0 = /i[(i + iT + C 1 +1)" -1 +( x + ‘Y~ 2 + ••• +(i + 0] (9) 

Subtracting Equation (8) from Equation (9), 

Fi = A[( 1 + 0”- l \ 


Dividing by i results in Equation (10), 


F = A 


( 1 +»)"-! 

i 


( 10 ) 


Values of [(1 + *’)” - 1 ]/i, commonly referred to as uniform series/compound amount 
factors and symbolized by 5^, are provided in Appendix B, second column. 
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□ EXAMPLE 4 Future Value of an Annuity 

An investor plans to put $1,000 per year into an annuity at the end of each year for 
10 years. If interest is compounded annually at 6%, how much will the investor have at 
the end of 10 years? 

Solution: Use Equation (10) and Appendix B, 6% page, 10-year row: 

F~ $1,000(13.180795) 

= $13,180.80 

At the end of 10 years the investor will have $13,180.80. □ 

□ EXAMPLE 5 Future Value of an Annuity 

An investor plans to put $1,000 per year into an annuity at the start of each year for 
10 years. If interest is compounded annually at 6%, how much will the investor have at 
the end of 10 years? 

Solution: Use Equation (3) to find the value of the initial $1,000 after 10"years. Add 
this to the future value of an annuity for 10 years (per Example 4), and subtract $1,000. 
The $1,000 is equivalent to the last payment placed into a year-end annuity, which, of 
course, is not the case in this example, wherein payments are made at the start of each 
year. The first payment is denoted by the $1,000 compounded for 10 years. 

$1,000(1.790848)= $ 1,790.85 

$1,000(13.180795)= 13,180.80 

- 1,000.00 

Total $13,971.65 

At the end of 10 years the investor will have $13,971.65. Notice that the accumulated 
value is $13,971.65 when payments are made at the start of each year, while the value is 
$13,180.80 with payments made at year’s end. The entire $790.85 difference is attribut¬ 
able to the interest earned on the initial $ 1,000 payment. □ 


EXPONENTIAL EFFECTS OF COMPOUNDING ON ANNUITIES 


The exponential effects of compounding of annuities are very important, 
especially in the area of pension planning. The rate of return has a very 
significant effect on the amount accumulated in a fund. The values shown in 
Table 2—2 represent the accumulations in an annuity based on payments of 
$2,000 per year at the end of each year. 


TABLE 2-2 Annuity Values—$2,000 Year-End Payments 

Accumulation 

Interest Rate 10 Years 20 Years 30 Years 


8% 

$28,973 

$ 91,524 

$226,566 

10% 

31,875 

114,550 

328,988 

12% 

35,097 

144,105 

482,665 

14% 

38,675 

182,050 

713,574 
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SINKING-FUND PAYMENTS 


A sinking fund is a fund created to provide for payment of a debt or other 
obligation by setting aside a certain amount at stated intervals, usually at the 
end of each year. Sinking-fund payments may be determined using sinking-fund 
factors , which are the reciprocals of the uniform series/compound amount 
factors. Sinking-fund factors are found in Appendix B, third column. 

sinking-fund payment = fund obligation X sinking-fund factor 


A = F 


i 


( 11 ) 


where the sinking-fund factor is expressed as 


1 _ i 

^"(i + *y-i 


( 12 ) 


□ EXAMPLE 6 Sinking Fund 

A corporation needs $15,000,000 in 15 years to pay off a bond issue. The bond 
indenture requires the establishment of a sinking fund with annual year-end payments. If 
the corporation can earn 6% annually on its sinking fund, how much must it put into the 
fund for 15 years to accumulate the full $15,000,000? 

Solution: Use Equation (11) and the sinking-fund factor from Appendix B, third 
column. 

sinking-fund payment = $15,000,000 X 0.04296276 
= $644,441.40 

The corporation must put $644,441.40 into the fund each year for 15 years to accumulate 
$15,000,000. D 


QUESTIONS/PROBLEMS 


1. If $1,000 is invested at 6%, 8%, and 10%, determine the compound sum after a period 
of 20 years and draw graphs for each of the relationships. 

2. Mr. Jones wants to know what the compound sum of his $5,000 bank balance will be 
in 10 years. The interest rate is 5%. He has compound interest tables for 5% and 6%. If 
he averages the compound interest factors from his tables and uses the average to 
compute the compound sum, how much error will result? 

3. How much must be paid at the end of each year to repay a loan of $10,000 due in 10 
years? Assume the funds can be invested at 8% annual interest. 

4. An investor placed $1,000 in an 8% investment trust for 20 years, compounded 
continuously. How much did the investor have at the end of the period? 

5. Suppose compounding was semiannually in Problem 4. Calculate the difference 
between the compound sum and continuous compounding after 20 years? 
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6. A sinking fund is needed to pay off $10,000,000 in 20 years. If payments are made at 
the end of each year, determine the amount of each payment for the last 5 years 
assuming $250,000 is placed in the fund for the first 15 years and all funds receive 7% 
interest compounded annually. 

7. The state has determined actuarially that it will require $100,000 to fund Ms. Smith’s 
pension. If Ms. Smith has 20 years until retirement, how much must the state place in 
the retirement system at the end of each year to fund Ms. Smith’s retirement, assuming 
the return is 10% compounded annually? 

& An individual has $2,000 which can be invested in one of two ways. One investment 
will pay 10% for the next 15 years. As an alternative, the individual can expect to put 
the investment in an initial 8% savings certificate for 5 years. The expectation is that 
savings certificate rates will increase 2% every 5 years. Which alternative would you 
choose? Ignore income taxes. 



Present VaIue, Present VaIue 

of ANNUmES ANd PERpETUiTiES 


Chapter 2 showed how to compute simple and compound interest and the future 
value of an annuity. In this second chapter on discounted cash flow, we examine 
the reverse processes of finding the present value of an amount to be received in the 
future, as well as the present value of an annuity of future payments (i.e., recovering 
the initial investment in an asset). We also deal with perpetuities (future payments 
received over an indefinite future) and capital recovery in this chapter. The 
concepts and computations of present value are extremely important to the 
capital acquisition process, as most projects are expected to yield cash flows over 
some number of periods in the future. 


PRESENT VALUE 

When using the discounted-cash-flow procedures for capital investment 
evaluation, it is necessary to know the present value of a sum to be received at a 
future time. The present value of a sum to be received in the future may be 
obtained using Equation (3) of Chapter 2, reproduced here as Equation (1): 

S n = P[\ + i) n (1) 

Solving Equation (1) for P results in Equation (2), which is the present value 
(PV) of the sum S n to be received in n years. 

pv= (TTo 7 " —-(T^r or pv = 4 '" (2) 

Values for the factor [1/(1 + ?)]", symbolized by V n and called single 
payment / present value factors , are found in Appendix B, fourth column. 
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In our discussion of compound interest in Chapter 2, we indicate that we are 
assuming a constant reinvestment rate throughout the life of a given investment 
and that compound interest, annuity, and present-value tables are developed on 
this assumption. Thus, we define the present value as an amount that, when 
compounded at a constant rate over the life of the investment, will equal the 
future value (compound sum). 

□ EXAMPLE 1 Present Value 

A corporation expects to receive $10,000 in 3 years as payment for a note from a 
customer. The corporation needs cash now and has decided to sell the note to a bank. If 
the bank discounts the note at 10%, how much will the corporation receive? 

Solution: Utilize Equation (2) and Appendix B, fourth column, at 10% as follows: 
PV = ^(present value factor) 

= $10,000(0.751315) 

= $7,513.15 

The corporation will receive $7,513.15 from the bank. Stated another way, the present 
value of $10,000 to be received in 3 years, discounted at 10%, is $7,513.15. □ 

□ EXAMPLE 2 Present Value 

A corporation expects a certain investment to yield cash flows as follows: year 1 
$2,000, year 2, $3,000; year 3, $4,000; and year 4, $6,000. If the present value of these 
cash flows represents the productive value of the investment to the corporation, determine 
the productive value, assuming the company requires a 14% return. 

Solution: Use Equation (2) and Appendix B, fourth column, at 14% using the 
tabular format as follows: 


Solution Table for Productive Value at 14% 


Time 

Cash 

Flow 

Discount 

Factor 

Present 

Value 

Year 1 

$2,000 

0.877193 

$ 1,754" 

2 

3,000 

0.769468 

2,308 

3 

4,000 

0.674972 

2,700 

4 

6,000 

0.592080 

3,552 

Productive Value =$10,314 


If the corporation requires a 14% return, the productive value of the asset is $10,314. The 
productive value will increase if the corporation requires a lower rate of return and decrease 
if the corporation requires a higher rate of return. □ 

□ EXAMPLE 3 Present Value 

A corporation has estimated the salvage value of a certain plant to be $1,000,000 in 
20 years. Determine the present value of the salvage value at 5-year intervals using 10%, 
12%, 14%, and 16% discount rates, and graph the relationships. 

Solution: Using Appendix B, the present values are tabulated in Table 3-1. 

Figure 3-1 shows that as the rate of return increases, the significance of cash flows to 
be received many periods in the future becomes increasingly less. Thus, at 16%, the 
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importance of the salvage value to the question of acquiring an asset is much less than if 
the required return were 10%. Since this is the case, we would want to allocate more resources 
to estimating the salvage value of an asset if the required return were 10% than if it were 
higher. Also, at higher rates of return, the relative significance of an error in estimating the 
salvage value would be much less important than at lower rates. For example, suppose we 
made a 20% error in estimating the salvage value to occur at the end of year 20; the 
actual amount turns out to be $1,200,000, not the estimated $1,000,000. At a 10% 
discount rate, the error in present value would be $178,397 — $148,664 = $29,733. If, 


TABLE 3-1 Present Value of $1,000,000 

Present Value (Years to Salvage) 


Discount 


Rate 

5 

10 

15 

20 

10% 

$620,921 

$385,543 

$239,392 

$148,644 

12% 

567,427 

321,973 

182,696 

103,667 

14% 

519,369 

269,744 

140,096 

72,762 

16% 

476,113 

226,684 

107,927 

51,386 


FIGURE 3-1 Present Value of $1,000,000 
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Present Value of an Annuity 

t . In , ma f ny c fP ital b “ d grting problems, funds are expected to be received at 
the end of each year for a period of years. The present value of a series o 

— - b e received each^Tht 


PV 


S, 


1 + l 


7 + 


S 2 


(1 + i)‘ 


■ + 


(1 + 0 * 


(3) 


where PV is the present value of the funds to be received 

PV- E » (4) 

*=1 (I + if' V ' 

where PV is the present value of a stream of funds to be received in eoual 
amounts at year end, discounted at rate i. ^ 

In order to obtain the uniform series/present worth factors, symbolized bv A and 
located « Appendix B, fifth column, start with Equation (10) fmm Chafer 2 


F=A 


(i + *T-i 


( 5 ) 


where F= future amount of an annuity 
A = equal yearly payment 


Recall from Equation (2) that 


P V = S 


(1+0” 


( 6 ) 


<w ,h ' pre “' v *'”' “ """“p' e s““ 

‘(i+0*-i 


P V = A 


= A 


0 + 0 “ 


0 + 0*-1 
«'0 + 0“ 


(0 
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Then, 


_ (1 + Q" ~ 1 l-V 
i(l + *T 


( 8 ) 


where A is the present worth of $1 per period. A* is found « Appendix B, fifth 
column, commonly referred to as uniform senes/present worth factors. 

□ EXAMPLE 4 Present Value of an Annuity 

A corporation expects to receive cash inflows of $3,000 each ye* for ^ 
result of implementing a new project. Determine the present value of the sum discounted 

at 8%. 

Solution: Utilize Equation (7) and Appendix B, fifth column, 8% for 10 years, as 
follows: 

PV = $3,000(6.710081) 

- $20,130.24 

The present value of $3,000 to be received each year for 10 years, discounted at 8%, is 
$20,130.24. 

□ EXAMPLE 5 Present Value of an Annuity 

A corporation expects to receive $5,000 per year for 5 years and $8,000 per year for 
the following 5 years. Determine the present value of these funds at 18%. 

Solution: Utilize Equation (8) and Appendix B; write the solution in tabular format, 
as shown: 


Solution Table for Present Value at 18% 


Time 


Years 1-5 
6-10 


Amount 

$ 5,000 

8,000 


Discount 

Factor 


Present 

Value 


3.127171 

1.366915 


$15,636 

10,935 

Present Value =$26,571 


The discount factor for years 6-10 may be obtained in two 

the annuity factor for years 1-5 from the factor for years 1-10. 4.69408b iM! n 
T366915. The second requires discounting the discount factor for years 1-5 back 5 years^ 
3 127171 (0.437109)= 1.366915. 


PERPETUITIES 

A perpetuity is an annuity or series of periodic payments that ^ns .ndef- 
initely differing, therefore, from the annuities previously discussed in terms o 
duration only. The most common example of a perpetuity is the establishment of 
an endowment, although bonds lacking any maturity also qualify. 

The value of a perpetuity is determined simply by dividing the yearly 
payment by the rate of return being received on the pnncipal as shown 
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Equation (9): 

pv -7 W 

where PV= present value of the perpetuity 
P= annual payment 
i = rate of return 

U EXAMPLE 6 Present Value of Perpetuity 

If a perpetuity yields $1,000 per year, determine the present value based on a 14% 
required return. 

Solution: Use Equation (9) as shown: 

py- $C000 
0.14 
— $7,143 

An investor requiring a 14% return would be willing to pay $7,143 for a perpetuity 
yielding $1,000 per year. From another vantage point, if someone wanted to establish a 
perpetual endowment of $1,000 per year, $7,143 would be required if the funds could be 
invested at 14%. n 


CAPITAL RECOVERY 


In financial problems it is frequently necessary to find the yearly payment 
needed to repay a debt such as a mortgage. The capital recovery factor , which is the 
reciprocal of the uniform series/present worth factor, may be used for this 
purpose. These factors are found in Appendix B, sixth column. 


capital recovery factor = = 


A == PV 


»(i + «T 

(i + «y-i 

+>)" 


= PV 


( 10 ) 

( 11 ) 


□ EXAMPLE 7 Capital Recovery 

A borrower needs $20,000. A bank will provide a mortgage at 8% for 25 years with 
equal annual year-end payments. Determine the amount of the year-end payment. 

Solution: Use Equation (11) and Appendix B, sixth column, 8% for 25 years, 
mortgage payment = $20,000(0.09367878) 

= $1,873.58 

A borrower would pay $1,873.58 each year for 25 years to repay the $20,000 mortgage. □ 


QUESTIONS/PROBLEMS 


1. A corporation expects an investment to yield cash inflows as follows- year 1 $3 000- 
year 2, $5000; years 3-9, $4,000; year 10, $6,000. If the present value of : th^e c^h 
flows represents the productive value of the asset, determine the maximum amount 
the corporation can pay for the asset assuming a required 15% return. 
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2. A company is considering acquisition of several assets that are expected to last 10 
years. When its cost of funds was 8%, management devoted about 20 labor-hours per 
asset to the estimation of salvage values. Assuming a linear relationship between 
labor-hours applied to forecasting salvage values and the accuracy of those salvage 
values, how many labor-hours would you allocate to such activities if the cost of funds 
increased to 16%? 

3 . What amount must be deposited today so that $10,000 may be withdrawn at years 
12, 13, 14, and 15 if the funds are invested at 8%? 

4. A bond pays interest semiannually in the amount of $40.00. If the bond will mature 
' in 10 years paying $1,000 (in principal) at that time, determine the present value of 

the bond using a 15% discount rate. 

5. Mr. Jones wants to purchase a perpetuity that will pay $15,000 per year commencing 
in 8 years. If perpetuities such as these have 14% yields, determine how much he must 
pay to purchase the perpetuity now. 

6. A bank will provide a $50,000 mortgage at 13% interest for 30 years with equal 
annual year-end payments. Determine the amount of the year-end payment. Suppose 
the borrower decides to pay back the remaining loan over a 20-year period after only 
$2,000 in principal has been repaid. Determine the new year-end payment. 

7. An investor bids on a 3-year annuity paying $300 each year at the end of the year. 
The investor requires a 10% return, but wants an increase in return of 1% per year to 
compensate for inflation. Determine the amount the investor will pay for the annuity. 

8. You have just won the “millionaire” first prize of $50,000 per year for 20 years in the 
state lottery. You receive your first prize installment immediately and will receive the 
remaining 19 installments annually. Determine the amount you would accept now in 
lieu of the $50,000 for 20 years if funds can be invested at 14%> (Ignore tax effects.) 

9 . You have just won the top prize of $1,000 per week for life in a state lottery. 
Assuming an investment rate of 13%, how much of the current lottery proceeds must 
be invested to fund your prize? (Assume a perpetuity.) 

10. Ms. Sharpe is 40 years old, anticipates retirement at age 65, and may invest up to 
$3,500 per year in a Keogh plan. She expects to live to age 80. If she can invest the 
funds at year’s end at an annual rate of 14% and receive a return of 8% after 
retirement, determine the lump-sum value of her Keogh fund at 65 and the annual 
pretax payment after retirement. 

11. Referring to Problem 10, if Ms. Sharpe wants to receive $100,000 per year, how large 
an initial payment must she make into a retirement fund in addition to the $3,500 

yearly payments? , , , , 

12. Mr. Jones plans to place $2,500 per year into a retirement fund at the end of each 
year for 20 years. He has $10,000 in the fund at present. If he obtains a 10% return 
prior to retirement and 8% return after retirement, determine his pension based on a 
20-year payment. 

13. Ms. Smith started working for ABC Corporation at age 35. ABC has a defined 
benefit plan, in which employees receive 2% of their final year’s earnings for each 
year worked. ABC expects salaries to increase an average of 8% a year, and Ms. 
Smith currently earns $30,000. Most employees retire at age 65. The life expectancies 
for a person at several ages are given. 


Age 

Life Expectancy 

Years Beyond 65 

35 

37 years 

7 years 

50 

24 

9 

60 

16 

11 

65 

13 

13 




Chapter 3: Present Value, Present Value of Annuities and Perpetuities 


25 


A ® C r 111 ^ceive an average annual return on its pension fund of 8% and 
that contributions are made year-end. 

(a) Based on Ms. Smith being 35 years old, determine ABC’s annual contribution to 
the pension fund. 

(b) When Ms Smith reaches 50, ABC revises their contribution. Determine the 

Ms°Smit n h’t sl ln V fundwhen Ms ' Smith is 65 the assumption that 

Ms. bmith s salary will continue to increase 8% annually 

(c) If ABC does not change its contribution after Ms. Smith is 50, by how much will 
the pension fund be overfunded or underfunded? 

(d) SmoTor thC rCViSed C ° ntribution assumin g Ms. Smith’s actual salary is then 

M ' at B retheZe 0 nt a l 0 ch haS ‘benefit pension plan, which provides that 

at retirement each employee will receive a pension equal to his or her final year’s 

Sidary multiplied by the number of years employed at the company divided by 60 
Thu if a person were employed for 20 years, the pension would be 20 + 60 or 
one-third, of the last year s salary. The company has been obtaining a 9% return on 
its pension contributions and it (conservatively) expects the funds to get a 6% return 
after each employee retires. 

ve, Green ’ 3 n 7 empl0yee> is hired He is a § e 45 and his life expectancy is 28 
£“*: 18 “P ectod , to r f t "f at a g<= 65 (giving an expected pension period of 8 

y s). His current salaiy is 830,000 per year and it is expected to increase at an 
average annual rate of 8% per year. Determine the following 

(a) The expected pension at age 65. 

(b) The amount needed at age 65 to fund the pension. 

(c) The annual contribution to the pension fund 

The dividend-valuation model used to determine the cost of common stock equity is 

A 


15 


A? 


r o 


( 12 ) 


where K e the cost of common stock equity in the present period 
D x — the dividend in the following period 
P 0 — the market price of the common stock in this period 
£ = the annual expected growth rate of the dividend 

EqTa^O 2) Uati ° n ^ aSSUmC ^ ^ at * be rate ° f * each V^r, and derive 

Information for Problems 16-18 : 

to ch^!. nS Tf th t e h life ° f JP m k u n °* UnU , SUal f ° r the rate of STOW* of the dividend 
EquaZ (13) ® “ geS ’ thC Va ' Ue ° f * he firm may be expressed ^ 

(=1 (1 + r) (=*+1 (1 + r y ^ ^ 

where g x = dividend growth rate for periods 1 through k 
= growth rate for periods k + 1 through infinity 

A=A>(1+£i)* 

For computational purposes, Equation (13) may be rewritten as Equation (14): 

■ + dJ -htM* V l. 1 + ft)' 

(1+r)' °l l+r) £ (l + r y 


4>f (l+g ‘ y 

(“1 


1 4- r 


( 14 ) 
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In addition to a changing rate of growth for the dividends, the rate of discount 
may change from period to period. The more general case is described in Equation 

(15): 




(1 + *,)' 


> (i + n) 


\=, (l + r 2 )' 


/=i (1 +r n ) 


d v d 2 , 


where n= number of intervals, an interval consists of one or more periods 

£i j £ 2 > • • • >Sn ~ dividend growth rate in intervals 1,2,..., n 
r x , r 2 ,.. •, r n = discount rate in intervals 1 , 2 ,..., n 
k n = number of periods in interval n 

D 0 = initial dividend . 

D v D 2 ,...,D n = dividend at the beginning of each interval calculated using Equa¬ 
tion (16): 

<■«) 

(i + f^i) 

16. A newly formed corporation is offering stock with projected dividends of $2^f°r the 
first 3 years and a yearly increase in dividend of 5% per year thereafter. At what 
current price can the stock be valued, assuming a 10% discount rate and dividend 

payments at the end of each year? . , ., , • 

17. An investor plans to value a stock over a 10-year period. The current dividend is $2. 
The investor expects dividend growth rates as follows: years 1-3, 8%; years 4 7, 9% 
years 8-10, 7%. Determine the dividend valuation for the stock for the 10-year period 

if the investor’s discount rate is 8%. . . r 

18. A corporation’s dividend is presently S3; it is expected to grow at an annua) rate of 
5% for 10 years and at an annual rate of 10% thereafter. A shareholder, in valuing 
the corporation’s stock, plans to use an 8% discount rate for theTirsl: 5 yeani and 12% 
for the next twenty years. Determine the amount at which the shareholder would 
value the stock. 





EvAllJATiON of AItERNATR/E 

Investment Opportunities 


Once the firm’s management has established its goals and priorities for capital 
expenditures, it must address the question of evaluating proposed expenditures in 
some systemaHc manner. Since in all organizations the amount of funds avail- 
at> tr°i. rCapita * eXpenc * ltures “ limited, management is faced with the dual problem of 
establishing some basic criteria for the acceptance, rejection, or postponement of proposed 
investments, and then ranking the projects that meet the criteria for acceptance in order of their 
value to the firm. Our studies indicate that at least 35 methods have been devised 
to guide management in the acceptance or rejection of proposed investments, 
home of the methods are general in nature and readily applicable to many firms 
Others are designed for particular industries such as utilities. Some are special 
applications of more general procedures and have been developed to deal, for 

example, with the question of variability of risk among proposals. 

In the course of our study of the methods used to evaluate capital invest¬ 
ments, we explore six alternatives: payback, return on investment, equivalent 
annual charge (also called equivalent annual cash flow), net present value 
profitability index, and internal rate of return. The latter four are called 
discounted cash-flow procedures because they consider the time value of money by 
discounting expected cash flows to their present value. Each method has its own 
story to tell; consequently, most companies use two or more to provide manage¬ 
ment with the necessary information to make acquisition and abandonment 
decisions. 

/. Payback. This method involves determining the number of years neces¬ 
sary to recover the cost of a project and comparing the recovery period with the 
maximum payback period acceptable to management. 

, 2 ' Re , turn on t investm ^t. This name has been given to a variety of methods 

that divide yearly cash inflows or net income (either before or after taxes) bv the 
project s cost or book value. 7 
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3. Equivalent annual charge. This method involves discounting all the ex¬ 
pected after-tax cash inflows to present value and then determining their 
equivalent annual charge over the project’s life. 

4. Net present value . This method requires discounting all expected alter-tax 
cash flows to present value and taking the difference between the sum of the 
discounted cash inflows and outflows. This difference is called the project s net 

present value. . . , , 

5. Profitability index . This method involves dividing the present value of the 
cash inflows by the present value of the cash outflows. The quotient provides an 
index for measuring return per dollar of investment. 

6. Internal rate of return. This method involves determining the discount rate 
that will exactly equate the present value of the cash inflows with the present 
value of the cash outflows so that the net present value will be zero. That 
discount rate is called the project’s internal rate of return. 

In this chapter we commence with payback and return on investment. The 
other methods are examined in Chapter 5. 


CLASSIFICATION OF PROJECTS 

The construction of a capital budget must take note of interrelationships 
among proposed projects. If the acceptance or rejection of one project does not 
affect the cash flows of another project, the two are said to be independent . On the 
other hand, dependency effects occur whenever the cash flows of one project 
influence or are influenced by the cash flows of another. Three situations 
involving dependency warrant examination. 

1. Mutually exclusive projects. If the acceptance of one project precludes the 
acceptance of another project, the two are mutually exclusive. An airline 
pondering the future of its fleet may have to choose between the slower 74/, 
which has a larger seating capacity, and the SST, which has a lower passenger 

capacity but supersonic speed. , 

2 . Complementary projects. If the acceptance of one project enhances the cash 
flows of another project, the two are complementary. Thus, the cash flows from 
an automobile service station on a superhighway might be increased by the 
construction of restaurant facilities. 

3 . Prerequisite or contingent projects. If the acceptance of one project depends 
upon the prior acceptance of another project, the acceptance of the former is 
prerequisite to the acceptance of the latter. The construction of an oil refinery at 
a given location may depend upon the prior commitment to construct port 
facilities. 

Obviously, dependent projects must be presented together if the manager is 
to consider the full range of alternatives. In this respect, one of the major 
problems in capital budgeting lies in the identification of all viable alternatives. 
The ranking process is relative and any capital project may appear attractive when compared 
against a sufficiently poor alternative. 
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Some projects are mandatory,■ they must be accepted if the firm wishes to remain in 
business. Others are discretionary, acceptable if financially attractive. Utilities, for exam- 
pie, are required by law to make investments needed to provide service on 
demand, even though more rewarding projects may be available. For the 
telephone company, switching equipment would fall into the mandatory cate¬ 
gory , while the installation of new, lower-cost generating equipment would 
constitute a discretionary investment. On the other hand, the evaluation of manda¬ 
tory investments does not exclude the possibility of abandonment , based on a discounted 
cash-flow analysis. One has the option of going out of business. 


BASIC ASSUMPTIONS 


u- i. n discussion of capital budgeting, we make several assumptions, 

which will be relaxed in later chapters. The assumptions are listed below. 

/. Projects being evaluated have the same risk posture as the firm overall. We shall 
assume that the investment decisions made will not alter the firm’s existing risk complexion. 
This does not mean that we are operating in a risk-free atmosphere. Rather , it 
means that projects accepted have the same average risk as characterize the firm. 

All firms operate under some degree of business and financial risk. The 
unique combination of risk elements determines the firm’s risk complexion. The 
risk complexion is integrated by the securities markets and results in the rate at 
which the market discounts the price of the firm’s securities. Types of investments 
that generally will not affect the risk complexion or market discount rate include 
replacements for equipment currently in use, where the market and economic 
structure surrounding the use of the equipment are expected to maintain stable. 
In Chapters 12 through 15, we examine decision-making techniques that permit 
us to evaluate the impact of risk on the capital investment decision. 

2. Management must set benchmarks for the evaluation of capital expenditures. The 
benchmark for payback is the maximum Humber of years required by the firm 
for the complete recovery of the investment in a project. For rate of return, the 
benchmark is the minimum rate of return required by management, which may 
vary appreciably depending on the method used to compute the rate of return. 
Several methods are in common use, as noted later. 

• • discounted cash-flow methods, the criteria for evaluation will 

initially be assumed to be the firm’s marginal cost of capital, commonly referred 
to as the cost of capital. This represents the cost of funds used to acquire the firm’s 
total assets and is found by averaging the rate of return expected to be received 
by all parties contributing to the firm’s financial structure. Actual computation 
ot the firm’s cost of capital is discussed in Chapter 8. Application of the 
evaluative criteria to the discounted cash-flow procedures is discussed in the 
following chapter. 

3, The firm's cost of capital is constant over time and is not affected by the amount of 
funds that is invested on capital projects. This assumption avoids the problems 
imposed by capital rationing and varying money and capital market rates. 
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There are two types of capital rationing: internal and external. Internal 
capital rationing involves the constraints resulting from the limitations of existing 
managerial ability in assuming any new project or expansion responsibilities. 
Some firms attempt to circumvent this constraint by expanding through the 
acquisition of ongoing companies and thereby purchasing the needed managerial 
expertise along with the physical assets. External capital rationing originally re¬ 
ferred to a lack of capital available to finance desirable projects. While this 
aspect of external capital rationing remains a primary consideration in the 
capital acquisition process, other external constraints also require close attention. 
Such constraints include lack or potential inavailability of critical materials, 
skilled labor, water and sewer supplies, and government permits to carry out 
construction and operate facilities. 

4, Investment opportunities are independent of each other. There are no interrelation¬ 
ships among projects under consideration (mutually exclusive, contingent, and comple¬ 
mentary projects do not exist); furthermore, there is no correlation between the cash 
flows of any pair of projects under consideration by the firm or between the cash flows of 
any project and the ongoing operations of the firm. This assumption is necessary 
to avoid the potential conflicts that may arise in ranking projects falling into the 
several categories of dependent projects. We discuss these conflicts in Chapter 7. 

5. Borrowing and lending rates are equal. This means that the rate that must be 
paid by the firm to obtain capital from the capital markets (borrowing) is equal 
to the rate the firm can earn if it purchases securities in the capital markets 
(lending). This assumption is necessary to assure that a firm will be able to re¬ 
invest the incremental cash flows resulting from the use of an asset at the same 
rate that is used to discount those incremental cash flows to their present value. 
As noted earlier, the use of the compound interest, annuity, and present value 
tables is predicated on reinvesting intermediate cash flows at a constant rate over 
the life of the investment. The reason that it may not be possible to reinvest 
intermediate cash inflows at the same rate used to discount the project is that the 
market level of interest rate varies (sometimes appreciably) over the period of the 
life of a project. A methodology for evaluating projects during periods when 
interest rates and reinvestment rates are expected to vary is included in Chap¬ 
ter 7. 

6. Perfect capital markets exist. This means that (a) no lender or borrower in 
the markets possesses sufficient power to influence prices; (b) any participant m 
the markets can lend or borrow as much as desired without affecting security 
prices (i.e., there is not an upward-sloping supply curve for capital); (c) 
bankruptcy and transaction costs do not exist; (d) all participants in the markets 
have access to the same cost-free information, this information is interpreted in 
exactly the same way by all participants, and such information is immediately 
incorporated into all security prices; and (e) capital rationing does not exist. 


Certainty, Risk and Uncertainty—An Introduction 

We have assumed that the projects being evaluated would not change the 
risk complexion of the firm overall. That is, the projects being evaluated have 
the same degree of risk as the firm. In order to understand this assumption 
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better, we will define the three states certainty, risk, and uncertainty and the 
different types of risk with which the decision maker must deal. 

Certainty postulates that the decision-maker knows in advance the exact 
future values of all the parameters that may affect the decision. 

Risk postulates that the decision-maker is (1) aware of all possible future 
states of the environment, including the economy and business, that may occur 
and thereby affect relevant decision parameters and (2) able to place a probabil¬ 
ity on the value each parameter given the occurrence of each of these states. 

Uncertainty postulates that the decision-maker may or may not (1) be aware 
of all the possible states that affect the decision and (2) be able to place a 
probability distribution on the occurrence of each. 

In Part IV we examine the problems inherent in project selection under 
conditions of changing risk and describe procedures that are useful in selecting 
portfolios of projects in order to minimize risk. At this juncture it is useful to 
review three kinds of risk faced by financial managers. 

1. Business risk is the variability in earnings that is a function of the firm’s 
normal operations (as impacted by the changing economic environment) and 
management’s decisions with respect to capital intensification. The use of more 
capital equipment generally results in higher fixed costs and thereby increases 
the variability of earnings before interest and taxes (EBIT) with output. It 
should be noted that business risk considers only the variability in EBIT and 
does not consider the effect of debt or other financing on the firm’s risk posture. 

2. Cataclysmic risk is the variability in earnings that is a function of events 
beyond managerial control and anticipation. Such events would include expro¬ 
priation, erratic changes in consumer preferences, severe energy shortages, and 
the like. 

3. Financial risk is the variability in earnings that is a function of the 
financial structure and the necessity of meeting obligations on fixed-income 
securities. The use of more debt or preferred stock results in greater obligatory 
payments and thereby increases the variability of earnings after taxes and the 
earnings per share. 


PAYBACK 

Payback is actually a measure of a project’s liquidity and capital recovery 
rate rather than its profitability. The payback period is defined as the number of 
years required to recover the investment in a project. If the anticipated after-tax 
cash inflows are equal each year , then the payback period may be obtained by 
dividing the after-tax outflows related to the cost of the project by the after-tax 
cash inflows expected to be derived from the project. If the cash inflows are 
uneven, the payback period may be found as shown in Example 1. 

When payback is used, projects may be accepted or rejected based on the 
number of years required to recover their cost. Projects may also be ranked using 
payback, the shorter the payback period, the higher the ranking. However, 
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payback is more commonly used as a constraint rather than as a method for 
deciding among or ranking projects. 

□ EXAMPLE 1 Payback 

A corporation plans to invest funds to purchase a new machine. The projected cash 
inflows and outflows are shown below. Determine the payback period. 

Time Expected Cash Flows 

Present -$10,000 

1 - 4,000 

2-6 4- 3,000 

7-15 + 6,000 

15 (a) + 2,000 

^Recovery of working capital. 

Solution: Since the cash flows are not constant over the life of the project, the 
payback period may be found using tabular form, as follows. 


Time 

Expected Cash Flow 

Net Cash Outjlo 

Present 

-$10,000 

-$10,000 

1 

- 4,000 

- 14,000 

2 

4- 3,000 

- 11,000 

3 

+ 3,000 

- 8,000 

4 

4- 3,000 

- 5,000 

5 

+ 3,000 

- 2,000 

6 

+ 3,000 

+ 1,000 


The total investment is recovered during the sixth year. Because $2,000 remains outstand¬ 
ing at the start of the sixth year and $3,000 is expected to be received during the sixth 
year, the total investment will be recovered two-thirds of the way through the sixth year. 
The payback period is thus 5 years and 8 months. n 

When payback is used as demonstrated in Example 1, cash flows are 
considered only up to the time that the initial investment is recovered. As a 
result, the only question answered concerns the length of time needed to recover 
the initial investment. Weingartner 1 notes: “Generally, the break-even point is a 
point of indifference—with qualifications—beyond which an accounting profit is 
expected to be generated by the operation under analysis, and below which loss 
is expected.” If the net revenues are constant, the aggregate profit will be 
proportional to project’s life after the payback period has elapsed. Thus, a 
longer anticipated life yields a higher initial profit, other things remaining equal, 
because depreciation expense will be lower. Indeed, the life of the project may be 
overestimated by the proposer not only to enhance its total profitability, but also 
to reduce the payback period on the accounting profit basis. A bias countering 
this one may arise in the selection of the shortest project or asset life which the 
tax authorities permit to improve the actual after-tax cash flow profitability. 

1 H. Martin Weingartner, “Some New Views on the Payback Period and Capital Budgeting 
Decisions,” Management Science, 15, No. 12 (August 1969), B-599. 
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Cash flow payback the usual concept, is less affected since depreciation enters 
only as a tax shield. ^ 

The use of payback, then, depends on the importance to management of 
knowing the capital recovery period. Merritt and Sykes 3 note that: “It [paybackl 
causes assessors to concentrate on unimportant and often irrelevant characteris¬ 
tics of an investment project to the detriment of its significant characteristics. It 
has harshly, but not unfairly, been described as the ‘fish bait’ test, since 
effectively it concentrates on the recovery of the bait (the capital outlay) paying 
no attention to the size of the fish (the ultimate profitability), if any.” 

The payback method has been further discredited for at least five reasons: 

* u.‘ ? S ',° consider the expected revenues beyond the payback period 
established by the firm. Frequently, such payback periods are set from 2 to 5 
years. The time period established generally is not based on an economic 
measure that would attach a cost to the use of funds and to the application of 
managerial effort, but rather may depend to a great extent on the firm’s risk 
preferences for liquidity. Thus, for example, if a firm established a 3-year 
payback period requirement, revenues generated after the third year would not 
be considered when applying this method. 

2. It fails to consider the time value of money. 

3. It does not differentiate between projects requiring different cash invest- 
ments. 

4. While it does measure a project’s rate of capital recovery or liquidity it 
does not consider the firm’s liquidity position as a whole, which is a much more 
important question. As Weingartner points out: 4 “The usually designated 
speculative and/or precautionary motive of firms to hold liquid or near liquid 
funds in order to seize upon unexpected opportunities is a different motive from 
that which requires each new investment separately to recover its original cost 
within a short time.” 1 

5. It ignores the cost of funds used to support the investment, even during 
the payback period By ignoring the cost of funds, a very important cost is 
overlooked. Reconciliation of this problem is considered below. 

A somewhat different approach to the application of payback, which takes 
into consideration the cost of funds necessary to support an investment, is 
demonstrated m the following section. 


Payback Including The Cost of Funds 

The payback method described earlier may be modified to incorporate the 
cost of funds used to support the project. 5 This procedure overcomes the fifth 


? Ibid., p. B-601. 

00^^963) d A SykCS ’ ^ Fi " anCe miAnd y m Capital Projects (London: Longmans Green and 
^Weingartner, “Some New Views on the Payback Period” p B-599 

H ', R ^?r r ’ a ”, d |' McConne11 ’ “Payback Substitutes for Discounted Cash Flow ” 
Financial Management, vol. II, no. 2 (Summer 1973), present a procedure for establishing a one-to-one 
“T™.° n ° ZCT °""«-P«*nt-value conditions into counterpart payback maxima. This approach 
renders the two approaches of discounted cash flow and payback operationally equivalent ?? 
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shortcoming just given and also proves useful in dealing with certain classes° 
cataclysmic risk. The methodology of incorporating the cost of funds into the 
payback method is demonstrated in Example 2. 


□ EXAMPLE 2 Payback 

A corporation requires a rate of return of 15%. Using the project with .cash flows as 
shown in Example 1, determine the period necessary to recover both the capital 
expenditures and the cost of funds required to support those expenditures. 

Solution: Construct a table showing cash flows and costs of capital to support those 
funds. 


Time 


Present 

1 

2 

3 

4 

5 

6 

7 

8 
9 


Expected 

Dollar Cost of 

Cumulative Net 

Cash Flow 

Funds at 15 % 

Cash Flow 

-$10,000 

0 

-$10,000 

_ 

4,000 

-$1,500 

- 15,500 

+ 

3,000 

- 2,325 

- 14,825 

+ 

3,000 

- 2,224 

- 14,049 

+ 

3,000 

- 2,107 

- 13,156 

+ 

3,000 

- 1,973 

- 12,129 

+ 

3,000 

- 1,819 

- 10,948 

+ 

6,000 

- 1,642 

- 6,590 

+ 

6,000 

- 939 

- 1,579 

+ 

6,000 

- 237 

+ 4,184 

will 1 

be recovered 

in 9 years, assuming that all cash 


year-end. 


are 

□ 


When the payback is used as shown in Example 2, it provides the P eri °d ° 
time for the project to provide a return just equal to the cost of capital. The 
reader may verify this by discounting the expected cash flows to their present 
value at 15% for the 9-year payback period. We can conclude that the project 
must remain in use 9 years in order for the firm to cover its cost of capital and 

recover the funds invested in the project. 

Since the payback, when employed as demonstrated in Example 2, indie 
the period for both capital recovery and for recovery of the associated cost of 
funds it can be used to advantage for analysis of cataclysmic risks. Examples of 
such risks include the probability of major technological changes that render 
ongoing processes valueless and sudden plant takeovers by foreign governments. 
These are risks associated with the possibility of the business going on for a 

period and then collapsing entirely. , 

Thus, payback is an all-or-nothing risk indicator and may be used to 
advantage in assessing risks relative to the time period during which an invest¬ 
ment is expected to remain in use. For example, suppose that a firm were 
considering a project in a foreign country having the cash flows in Example 2. 
Payback shows that if the project remains m use and delivers the expected cash 
flows for 9 years, the firm will not suffer because it will have met its cost of 
capital. If the project operates more than 9 years, it will yield a return in excess 
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of the firm’s cost of capital. If management could estimate the possibility of the 
project’s expropriation in terms of time from implementation, then payback, as 
used in Example 2, would provide an excellent cutoff time for risk analysis. 


Why Payback Is Used 

Although payback suffers from some severe limitations, it is frequently used 
by many companies. Furthermore, in periods of tight money and high interest 
rates, the use of payback tends to increase since cash flows expected beyond a 
short time horizon are of limited importance during periods when capital is very 
expensive. Various other reasons attributed to its frequent use include: 

1. It is very simple, 

Z Many managers have severe reservations about the estimates of expected 
cash flows to be received beyond the next 2 to 5 years and feel from past 
experience that if they can recover their investment in, for instance, 3 years, they 
will make a profit. 

3 . Many firms have liquidity problems and are very concerned about how 
rapidly invested funds will be recovered. 

4. Some firms have high costs of external financing and must look to 
internally generated funds to support their future ventures. Hence, they are 
especially interested in the rate at which their investment will be recovered. 

5. It is a simple matter to compensate for the differences in risk associated 
with alternative proposed projects: projects having higher degrees of risk are 
evaluated using shorter payback periods. 

6. Some firms are involved in areas where the risk of obsolescence as a result 
of technical changes and severe competition is great. Therefore, they are anxious 
to recover funds rapidly. 

7. Some firms manufacture products that are subject to model period 
changes and therefore must recover their investment within the model life. 

Automobile manufacturers exemplify such firms. While payback does have 
severe limitations and is not a measure of profitability, it has been widely 
accepted for the reasons just described. 

We recommend that payback be used as a supplemental evaluation tool, in 
conjunction with a discounted-cash-flow procedure. When payback is employed 
as in Example 2, we recommended its use in the following situations: 

/. As a measure of a project’s liquidity if such liquidity is of particular 
importance to the firm. Project liquidity should not be confused with profitabil¬ 
ity or with the firm’s overall liquidity preference, as discussed above. 

2. For projects involving very uncertain returns, especially when those 
returns become increasingly more uncertain in future time periods. 

3 . During periods of very high external financing costs, making capital 
recovery very important. 

4. For projects involving a high degree of cataclysmic risk. 

5. For projects subject to model-year changes or obsolescence resulting from 
technological changes, changing consumed preferences, and the like. 
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TABLE 4-1 Return on Investment Computed by Four Different Methods 


Proposal—Bench Lathe 


Investment 

$1,000.00 

Estimated useful life 

5 years 

Income: Year 1 

300.00 

" 2 

300.00 

" 3 

300.00 

" 4 

300.00 

" 5 

300.00 

Total 

Retum-on-Investment Computations 

$1,500.00 


Method 1: Annual return on investment 
annual income 


X 100 


300 


original investment " 1 ? 000 

Method 2: Annual return on average investment: 

annual income _ 300 


original investment 

2 


X 100 


500 


X 100 = 30% 


X 100 = 60% 


Method 3: Average return on average investment: 

total income - original investment ^ _ 500 x 10Q = 2Q% 


original investment 


X years 


1,000 


X 5 years 


Method 4: 


Average book return on investment: 
total income — original investment 
weighted average investment 3 
500 


1,000 + 800 + 600 + 400 + 200 


X 5 years 


a Sum of book values of asset each year, straight-line depreciation over life of the project. 
Source: N, E. Pflomm, Managing Capital Expenditures. (New York: The Conference Board, 1963). 


RETURN ON INVESTMENT 

The return-on-investment method compares the yearly after-tax (or pretax) 
income with the investment in the asset. The underlying idea is to compare the 
return expected to be received from a project with some preestablished require¬ 
ment. Pflomm notes four methods in common use (see Table 4-1). 6 The simplest 
is to divide the average annual income by the total investment, as shown. The 
three other methods noted by Pflomm are also shown in the table. 

In each calculation, the income figure refers to additional after-tax profits 
and may include depreciation cash throw-offs or may be net of those throw-offs. 


6 N. E. Pflomm, Managing Capital Expenditures (New York: Conference Board, 1963). 
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It is important for management to be aware that the differences in the potential 
results depend upon the procedure used. The investment refers to the actual 
after-tax, out-of-pocket cash flow and may or may not include the required 
additional working capital. 

The primary shortcoming of all the rate-of-return procedures is that they do 
not consider the timing of the expected profits. Thus, a project with low initial 
profitability and high future profitability would have the same average return as 
a project with higher initial profitability and lower future profitability. The 
former project would have much less value to the firm than the latter. The 
difference between the average rate of return and the project’s internal rate of 
return becomes increasingly significant for projects with relatively large inflows 
in the later years of their lives. 

A second fault is much more insidious and warrants special attention, as it 
demonstrates a very important aspect of capital expenditure management. The 
real value of any asset to a firm is a function of management’s ability to employ 
the asset in a productive manner. The firm’s balance sheet (which indicates the 
book value of assets) is only a listing of the investments that the firm has made 
and the sources of capital used to obtain and maintain those investments. The 
amounts listed on the balance sheet reflect accounting values, which may differ 
substantially from both market values and productive values. 

Since the balance-sheet book values neither reflect the value of assets in terms of their 
earning ability nor their market value , the return-on-investment method may be extremely 
misleading . Consider, for example, an apartment house having an original cost of 
$1 million 10 years ago, currently producing cash inflows (after-tax profits plus 
depreciation cash throw-offs) of $250,000 per year, and having a book value of 
$500,000. Based on the book value, the rate of return would be 50%. However, 
experience indicates that apartment house values, in general, have doubled over 
the last 10 years, so that the fair market value is probably close to $2 million. A 
$250,000 return on a $2 million investment is only 12.5%. This simple example 
clearly demonstrates two important facts: The rate-of-return method may give 
very misleading results and, in any capital investment problem, it is the fair 
market value or the productive value of the asset to the firm, not the book value, 
that must be considered. The book value is not relevant because it merely 
represents sunk costs and comes into play only when computing the tax impact 
of investments. 

The Conference Board’s survey indicates that about one-fourth of the firms 
surveyed use the method, but generally only as a supplemental tool. While rate 
of return is still used by some firms, we do not recommend it. The results 
frequently are erroneous, as the rate of return seldom, if ever, indicates the real 
value or earning power of a project. 


QUESTIONS/PROBLEMS 

..... ... . . . . "...~i . ■-nr __ 

L A corporation plans to invest funds in a new machine. The initial after-tax cash 
outflow amounts to $10,000 and yearly cash inflows over its 6-year life are $2,200. 
Determine the payback period for the machine. 
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2. A certain project has yearly after-tax cash outflows and inflows as follows: 


Year Outflow Inflow 


Present —$10,000 0 

1 - 5,000 $3,000 

2 0 4,000 

3-6 0 5,000 


Determine the payback period. 

3. A corporation has a policy of rejecting any investment that does not result in recovery 
of cost within 4 years. They are considering three projects: 


Time 

Project A 

Project B 

Project C 

Present 

- $10,000 

-$12,000 

-$3,000 

1 

4,000 

0 

500 

2 

4,000 

5,000 

500 

3 

2,000 

4,000 

500 

4 

2,000 

3,000 

2,000 

5 

2,000 

3,000 

2,000 

6 

2,000 

3,000 

2,000 

7 

2,000 

3,000 

2,000 


Determine the acceptable projects and rank them by payback period. 

4. If a corporation requires a 10% after-tax return on its investments, determine the 
payback period for each investment listed in Problem 3. 

5. The Johnson Company is considering the acquisition of a small company that will fit 
nicely into their present distribution system and complement present operations. Senior 
management requires a maximum 9-year payback period. The acquisition cost of the 
company is $8 million and the company yielded after-tax cash flows of $750,000 in the 
past year. A 5% after-tax growth rate has been projected. Additionally, the Johnson 
Company can save $50,000 per year by combining the two distribution systems. 
Should the acquisition be made assuming that the Johnson Company has a cost of 

capital of 9%? . 

6. Obel International Corporation is considering manufacturing a new product line in 
one of its three plants. The plants are located in the United States, Canada, and 
Mexico and the cost of capital at each location is 8%, 9%, and 14%, respectively. 
Expected cash flows at each location are as follows: 


Time United States Canada Mexico 


Present 

— 

$25,000 

- 

$28,000 

- 

$32,000 

1 

— 

9,000 

— 

12,000 

- 

16,000 

2 

— 

6,000 

+ 

2,000 

+ 

1,000 

3 

+ 

1,000 

+ 

8,000 

+ 

13,000 

4 

+ 

8,000 

+ 

16,000 

+ 

18,000 

5-10 

+ 

18,000 

+ 

18,000 

+ 

18,000 


Provide a payback-period chart based on net cash flow from each country and indicate 
your choice of location for the management. 

7. The Green Thumb Sod Company has a required rate of return of 12%. Pete Moss, the 
company’s financial wizard, must decide between two different heavy-duty, sod-cutting 
machines. Sod cutter A will cost $8,000 to purchase this year, plus an additional 
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$2,000 next year for testing and tuning. After this period, Pete estimates cash inflow 

7 6 maChinC WiH be S3 ’° 00 f0r the next 4 V ears > $2,000 the next 3 years, 

and $1,000 per year to the end of its 12-year useful life. Sod cutter B will cost $15 000 
with no additional costs, and is expected to generate an income of $4,000 for the first 3 
years $ 3 5 ° 0 0 the next 6 years, and $900 per year to the end of its 10-year useful life 
Which machine should Pete recommend purchasing, assuming that he wants to 
recover both the capital expenditures and the cost of funds required to support these 
funds as soon as possible? All cash flows are year-end. 

8. A project will provide cash inflows of $1,000 for 10 yeans. What is the maximum 
amount that could be invested in the project if capital recovery can take no more than 
5 years? The cost of capital is 12%. 

9. A project that has a 10-year life costs $5,000. It is expected to generate income of $800 

per year each year of its life. Determine the project’s return on investment using the 
four methods of Table 4-1. 5 





DiscouNTEd Cas^-FIow 
E vAluATiON TECHNIQUES 


The analytical methods of discounted cash flows are based on the concept of 
discounting cash inflows and outflows to their present values, thus fully consider¬ 
ing the time value of money. In this chapter we describe four methods: net 
present value (NPV), profitability index (PI), internal rate of return (IRR), and 
equivalent annual charge. 


NET PRESENT VALUE 

The present-value criterion for evaluating proposed capital investments 
involves summing the present values of cash outflows required to support an 
investment with the present value of the cash inflows resulting from operations of 
the project. The inflows and outflows are discounted to present value using the 
firm’s required rate of return. The net present value (NPV) is the difference in the 
present value of the inflows and outflows: 

npv=£ — (1) 

* = o (l + k) 

where d 0 = present value of the after-tax cost of the project 
S= cash inflow to be received in period t 
k = appropriate discount rate (hurdle rate) 
t = time period 
n — useful life of asset 


40 
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If the project cost is incurred over a period of time, then A 0 represents the 
present value of those cash outflows and may be expressed as shown in Equation 


where A t — the cash outflow in period t 

If the NPV is positive, it means the project is expected to yield a return in 
excess of the required rate; if the NPV is zero, the yield is expected to exactly 
equal the required rate; if the NPV is negative, the yield is expected to be less 
than the required rate. Hence, except in unusual circumstances, only those 
projects that have positive or zero NPV’s meet the NPV criterion for acceptance 

, * sh ° uld be no j ed that the cash infl °ws ($), Which are discounted in the 

NPV method according to Equation (1), result from two sources: (!) using the 
asset over its productive life and (2) disposing of the asset at the end of its life. 
1 he net salvage value obtained from the disposal of the asset is the final cash 

inflow generated by the asset and must be included in the determination of the 
asset’s NPV. 

The primary difficulty encountered with NPV is in deciding the appropriate 
rate of return (the hurdle rate) to use in discounting the cash flows. The accuracy 

tvttjw i ]recasts of cash flows influences the selection of a hurdle rate, so the use of 
JNPV also depends on the accuracy of those forecasts. While the firm’s cost of 
capital may be used as the discount rate, there exist questions concerning how 
the cost of capital should be calculated. These are examined in Chapters 8 and 
17 Also there may be difficulty involved in obtaining the data needed to 
perform the calculations, even after the procedural questions are resolved. 


□ EXAMPLE 1 Determination of Net Present Value 

ftinono 0 ^ ompany 1S evaluating project Z, which requires a present cash outflow of 
$10,000 and generates cash inflows of $4,000 each year over its 6-year useful life The 
asset is projected to have no salvage value at the end of its life. The company has set its 
required rate of return at 16%. Determine the NPV for Project Z. 


Solution: We can determine the NPV for project Z either by 
directly or by constructing the equivalent table. 

In equation form the solution is 


using Equation (1) 


NPV 


(1 +k) 1 


£ $4,000 

*=i (1 + 0.16)' 


-$ 10,000 


Since project Z has equal annual cash inflows, we can evaluate the first term on the 
right-hand side of this equation by using the annuity factors from Appendix B,Thus, 

NPV = ($4,000)(3.684736) - $10,000 =$4,739 
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Using the tabular format, we find: 


Time 

0 

1-6 


Discount Factors Present 

Cash Flow _ for 16% _ Value 

-$ 10,000 1.0000 -$ 10,000 

+ 4,000 3.684736 + 14,739 


NPV = $ 4,739 


Of course, we arrive at the same result using either approach. Therefore, the reader can 
utilize whichever method is more easily understood. If the project under evaluation has 
cash inflows that differ year by year over its life, the process of determining the project s 
NPV is slightly more complicated. Under such conditions, we need a separate term in the 
equation method for each cash inflow or a separate line for each in ^ 

In addition, single-payment discount factors from Appendix B, would be used rather than 
the annuity factor used here. We illustrate the treatment of this additional complexity m 
Example 3. 


Two other factors about NPV deserve mention. 

1 The NPV model implicitly assumes that the incremental cash inflows will be 

reinvested to earn the firm’s required rate of return of tt 

project. For example, project Z in Example 1 had an NPV of $4,739 "'hen the 
project’s cash flows are discounted at the firm’s required rate of return of 16%. 
This NPV value implicitly assumes that ABC Company can reinvest project Z s 
cash inflows to earn 16% compounded annually between the time that they occur 
and the end of the project’s life. 

In practice, the reinvestment rate frequently differs from the discount rate. 
This results from the fact that the general level of interest rates normally changes 
(and sometimes substantially) over the life of a project We deal with this 
problem as a part of our discussion of terminal value in Chapter 7. 

2 The NPV of a project reveals the amount by which the productive value 
(present value of the cash inflows) exceeds or is less than the cost. Naturally, if 
we have a choice (if discretionary projects are involved), we choose only those 
projects whose productive values exceed or at least equal their costs. If the NPV 
of a project is positive, the amount of the NPV is the amount by which the 
project will increase the value of the firm making the investment. Thus, selecting that 
group of projects with the highest total NPV, other things being equal, should 
maximize the market value of the firm. 


NPV PROFILES 

Recall that one difficulty with the NPV model is in the determination of the 
appropriate required rate of return, or hurdle rate, to use in discounting 
the project’s cash flows. One helpful approach to addressing this difficulty is the 
construction of an NPV profile for any given project. An NPV profile is a graphic 
representation of a project’s NPV as the hurdle, or discount, rate is allowed to 
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take on various values. The NPV profile shows how much the firm’s required 
rate of return could increase and still yield a project attractive to the firm 
We illustrate the construction of an NPV profile in Example 2. 


□ EXAMPLE 2 NPV Profile for Project Z 

For project Z (Example 1), compute the NPV at discount rates from 0% to 40% at 
5% intervals. Then graph the results by showing the NPV’s on the vertical axis and the 
discount rates on the horizontal axis (join the plotted points with a smooth curve). 

Solution: The table summarizes the results of the NPV calculations. 


Discount 

Rate 

Project Z T 
Annual Cash 
Inflows 

Present Value 
Annuity Factor 
for 6 years 
at the Given 
Discount Rate 

0% 

4- $4,000 

6.000000 

5 

4 4,000 

5.075692 

10 

4 4,000 

4.355261 

15 

4 4,000 

3.784483 

20 

+ 4,000 

3.325510 

25 

4 4,000 

2.951424 

30 

4 4,000 

2.642746 

35 

4 4,000 

2.385157 

40 

4 4,000 

2.167974 




NPV at 

Discounted 

Project 

the Given 

Cash 

Z’s 

Discount 

Inflows 

Cost 

Rate 

$24,000 

$10,000 

$14,000 

20,303 

10,000 

10,303 

17,421 

10,000 

7,421 

15,138 

10,000 

5,138 

13,302 

10,000 

3,302 

11,806 

10,000 

1,806 

10,571 

10,000 

571 

9,541 

10,000 

459 

8,672 

10,000 

~ 1,328 


The following figure shows the NPV profile for project Z. 



Several points about the NPV profile deserve mention. First, the profile for 
project Z shown in Example 2 is downward sloping. This will be the usual NPV 
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profile for investments projects that have one or more cash outflows initially 
followed by an uninterrupted series of cash inflows over the project’s life. We 
concentrate exclusively on such projects and their related profiles in this text. 
Second, the NPV profile intersects the vertical axis at a value representing the 
sum of the undiscounted cash flows for the project because the discount rate is 
zero. For project Z, this value is $14,000 (6 X $4,000 - $10,000). Third, the 
smooth NPV profile consists of the project’s NPV’s at all discount rates. Thus, 
for Project Z, the NPV found in Example 1 at the firm’s 16% required rate of 
return—$4,739—is found on the profile at the 16% discount rate. Finally, we see 
that the profile crosses the horizontal axis at about 32.5%; NPV equals zero at 
this discount rate. Later in the chapter, we see that this rate is called the internal 
rate of return. The significance of this point is that as long as the ABC Company s 
required rate of return does not exceed 32.5%, project Z is a candidate for 
acceptance. 


NPV FOR MORE-COMPLEX PROJECTS 


We next turn to the determination of NPV for a project with a more- 
involved pattern of cash flows over its useful life. 


□ EXAMPLE 3 Net Present Value 

A certain investment is expected to take several years to develop and implement. If 
the costs and cash flows are as tabulated, determine the NPV at 14%. 


Time Amount 


Present — $ 10,000 

1 - 60,000 

2 - 3,000,000 

3 - 350,000 

4 + 550,000 

5-20 + 800,000 

20 + 300,000 


Net salvage value 


Solution: As mentioned in Example 1, we can determine a project’s NPV utilizing 
either an equation or a table. Both methods are illustrated here. 

Using Equations (1) and (2) for this project, we find: 

no n a 

NPV = £ 


,=o (1 4- kY t—0 (1 + k) 


20 


$550,000 + ^ 

(1.14) 4 t = 5 (1.14) 


$800,000 , $300,000 
(1.14) 20 


+ 


$10,000 


$60,000 $3,000,000 $350,000 

(1.14/ (1.14/ (1.14) 3 
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Using a tabular form we find; 

Solution Table for NPV Using 14% Discount Rate 


Time 


Cash Flow 


Discount 

Factor 


Present 

2 

3 

4 

5-20 

20 


Present 

Value 


-$ 10,000 

1.0 

60,000 

0.877193 

- 3,000,000 

0.769468 

- 350,000 

0.674972 

+ 550,000 

0.592080 

+ 800,000 

3.309419 n 

+ 300,000 

0.072762 


-$ 10,000 

52,632 

- 2,308,404 

- 236,240 

+ 325,644 

+ 2,647,534 
4- 21,829 

NPV= $ 387,731 


Since the NPV is positive, this project is a viable candidate for acceptance Its accemance 
is expected to increase the value of the firm by $387,731 in present-vaC terms ? a 

PROFITABILITY INDEX 

The profitability index (PI) is the ratio of the present value of the after-tax 

auttionT t0 OU , WS 't rati ° ° f 1 ° r greater indicates that the P r °ject in 
profitabilSv inde CXpe Y “ 0r * reater than the ^count rate The 

rnent A d ,f 3 m ? asure ° f a Project’s profitability per dollar of invest¬ 
ed. As a result, it may be used to rank projects of varying costs and expected 
econonnc lives in order of their profitability. But a word of caution is in order If 

S in' r t d J r by Profitability index, the investment in a typewriter 
might appear better than one m a steel mill. The size of projects is ignored And 

p esent value should be selected within the constraints of budget limitations 
projects interdependency, mutual exclusivity, and the like. ’ 

present value of cash inflows 

present value of cash outflows ( 3 ) 

n Q 


PI = 


PI 


;=o (1 +k) 1 


( 4 ) 

sssssfassr vai ”' pr ° fi “ biii,y 


Net Present Value 
Negative 

Zero 

Positive 


Profitability Index Expected Returns 


Less than 1 
Equal to 1 
Greater than 1 


Less than required 
return 

Exactly equal to 
required return 
Greater than required 
return 
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□ EXAMPLE 4 Ranking Projects Using the Profitability Index 

Three projects have been suggested to a corporation. The after-tax cash flows or 
each^re tabulated below. If the corporation’s cost of capital is 12%, rank them m order of 
profitability. 

After-Tax Cash Flows 


Time 


Project A 


Project B 


Project C 


Present 

1 

2 

3 

4 


$10,000 

-$30,000 

-$18,000 

2,800 

6,000 

6,500 

3,000 

10,000 

6,500 

4,000 

12,000 

6,500 

4,000 

16,000 

6,500 


Solution • Each project must be evaluated to obtain the present value of the cash 
inflows and outflows. The present values of the inflows and outflows are as follows: 

Project C 


PV of outflows 
PV of inflows 


Project A 
- $ 10,000 
10,281 


The profitability indices are: 


_ $10,281 

FIa ~ $10,000 


Project B 
-$30,000 
32,040 


1.0281 


$18,000 

19,743 


PI* 


® 32,Q — = 1.068 
$30,000 


pI = i .0968 

r c $18,000 

The projects would be ranked as follows: C, B, and A. 

Note that the ranking using profitability indices measures return per dollar 
of investment. Thus, although project B in Example 4 has the tu^NPV,** 
not the most profitable per dollar of investment. Rather, project C is the most 
profitabrL dollar of investment. Note further that all the projects have 
positive nefpresent values, and hence all meet the 12% required rate of return. 


INTERNAL RATE OF RETURN 

By definition, the internal rate of return (IRR) is that rate which exactly 
equates the present value of the expected after-tax cash inflows with the present 
value of the after-tax cash outflows. This is expressed in Equation (5). 

( 5 ) 

(_ 0 (l+r)' <-o(l+r)' 

where r is the internal rate of return. Thus, at the internal rate of return, the 

NP ^TheTmernal rate of return recognizes the time value of money and considers 
the anticipated revenues over the entire economic (useful) life of an investmen . 
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□ EXAMPLE 5 Internal Rate of Return 

A new project has an after-tax cost of $10,000 and will result in after-tax cash 
laterf return ^ ^ $5 ’° 00 “ ^ 2 ’ ^ $6 ’°°° in year 3 ' Deto ™ine the internal 


Solution: First, set up a solution table. 
Time Cash Flow 


Discount Factor 


Present 

1 

2 

3 


Present Value 


$10,000 

3,000 

5,000 

6,000 


1 

Unknown 

Unknown 

Unknown 


-$ 10,000 
Unknown 
Unknbwn 
Unknown 
NPV = $ 0,00 


Since only the sum of the present values of the three cash inflows is known to be $10 000 

checkedTn d nS Ct 7^ °f 0b, fi mmg ^ anSWCr - Therefore > il mu st be estimated and then 
checked. In order to make a first estimate of the answer, it is possible to reconstruct the problem 

S5 ooo" 3 non rather J han the exaci counts given. The average of $3,000, 

a solutioTtue 000 “ $4 ’ 666 ^ ^ BaS ® d ° n the am ° Unt ° f $4 ’ 666 ’ we can reconstruct 


Time 


Present 

1-3 


Cash Flow 


-$ 10,000 

4,666 


Discount Factor 


1 

Unknown 


Present Value 


- $ 10,000 
10,000 
NPV= $ 0.00 


Now there is only one unknown, and this may be found as follows: 

$4,666 X d.f. = $10,000 

, , $ 10,000 

$ 4,666 ~ 2 ' 1431 

The discount factor (d.f.) is 2.1431. To determine the corresponding internal rate of 
return, refer to Appendix B, fifth column. The closest factor is 2.139917, which corre- 

theOTiehiafloi? 118 ’. 1 bf !° ^ used in soIvin g the problem. Refer back to 

,. M S solution table, and replace the unknown discount factors with the discount 

factors corresponding to 19%. Then multiply these by the cash inflows to determine the 
present values. The table is as follows: 

Solution Table for NPV Using 19% Discount Rate 

-_ Cash Flow Discount Factor Present Value 


Present 

1 

2 

3 


-$ 10,000 

3,000 

5,000 

6,000 


1 

0.840336 

0.706165 

0.593416 


-$ 10,000 

2,521 

3,531 

3,560 

NPV = - $ 388 


negative. This means that the discount factors applied to the inflows are too 
tabte for 17% ifa'sTollows-' 0 " ^ ^ W rateS ° f retum ' The 
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Solution Table for NPV Using 17% Discount Rate 


Time 

Present 

1 

2 

3 


Cash Flow 


Discount Factor 

Present Value 

-$10,000 

X 

1 

-$10,000 

3,000 

X 

0.854701 

2,564 

5,000 

X 

0.730514 

3,652 

6,000 

X 

0.624371 

3,746 

NPV = — $ 38 


The NPV is much closer to zero, but still negative. Therefore, the rate of return must be 
lower than 17%. The solution table for 16% is as follows: 


Solution Table for NPV Using 16% Discount Rate 


Time 

Present 

1 

2 

3 


Cash Flow 

-$ 10,000 


Discount Factor 


0.862069 

0.743163 

0.640658 


Present Value 
- $ 10 , 000 " 
2,586 
3,716 
3,844 

NPV = $ 146 


The NPV for 16% is positive. Therefore, we can conclude that the actual internal rate o 
return is between 16% and 17%; it may be found using linear interpolation, as demon¬ 
strated in Example 6. 


□ EXAMPLE 6 Linear Interpolation 

Refer to Example 5 and determine the internal rate of return. The answer lies 
between 16% and 17%. The NPV’s corresponding to those rates are as follows: 

Rate of Return NPV 

16% $146 

17% -$ 38 


Solution: The actual rate of return corresponds to NPV -r 0. The situation is shown 
on the graph. The width of the lower scale is $146.00 + $38.00 - $184.00, as shown. T e 
zero value is 

$38 „„ 


or 0.2 of the way below the 17% point. Therefore, the internal rate of return is 
17%-0.2%= 16.8%. 
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Once the IRR of a project has been determined, it is a simple matter to 
compare it with the required rate of return to decide whether or not the project is 
acceptable. If the IRR equals or exceeds the required rate, the project is 
acceptable. Ranking the projects is also a simple matter. Projects are ranked 
according to their IRR’s: the project with the highest IRR is ranked first, and so 
on. 

In Examples 5 and 6, the cash flows were conventional in nature—one or 
more outflows followed by a series of uninterrupted cash inflows. If there are 
changes in the signs of the cash flows over the asset’s life, then there may be more 
than one internal rate of return. This is an unusual problem that demonstrates 
an anomaly of IRR. Since we recommend NPV as a more-useful evaluative 
method than IRR, we do not discuss the methods for determining multiple 
IRR’s. 


AGREEMENT BETWEEN NPV, PI, IRR 

When a firm is evaluating a single , independent , conventional project, the three 
discounted cash-flow methods—NPV, PI, and IRR —always agree with respect 
to the attractiveness of the project. Notice the conditions we are placing on this 
statement. We must be evaluating only one project, whose cash flows or accep¬ 
tance are not related to other projects under evaluation. Further, that project 
must have a conventional cash-flow pattern; that is, the project must have one or 
more cash outflows in the first years of its life and then have an uninterrupted 
series of cash inflows until the end of its useful life. 

We can see that the three methods must agree by referring to the NPV 
profile. Consider again the NPV profile for project Z shown in Example 2. It is 
modified in Figure 5-1. 

In Figure 5 -1, we can see that project Z has a positive NPV and is therefore 
attractive at the 16% required rate of return. If a project’s NPV is greater than 0 
at the required rate of return, the project’s IRR must exceed the required rate of 
return which signals that the project is attractive. This is true since the only way 
that the project’s NPV can be reduced to zero, thereby obtaining the IRR, is to 
use a higher discount rate. Thus, IRR must exceed the firm’s required rate of 
return. Figure 5—1 shows that the IRR of project Z is 32.5%, which exceeds the 
firm’s 16% required rate of return. 

To verify that the PI must also agree, recall the definitions of NPV and PI: 

NPV = discounted cash inflows - discounted cash outflows 


PI = 


discounted cash inflows 
discounted cash outflows 


If a project has a positive NPV, then its discounted cash inflows (DCI) 
necessarily exceed its discounted cash outflows (DCO). Furthermore, if NPV is 
greater than 0, then PI must be greater than 1 thereby signalling project 
attractiveness. For project Z, NPV 16% = $4,739 since DCI = $14,739 and DCO 
= $10,000; thus, PI = 1.4739, or $14,739 $10,000. 
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FIGURE 5-1 NPV Profile for Project Z 



Therefore, if one of the three DCF models (NPV, PI, or IRR) determines 
that a single, independent, conventional capital project is a candidate for 
acceptance, all three of these models will agree . Conversely, if any of these three DCF 
models find that the project should be rejected, then all three of these models will 

agree. ... 

However, if the firm is ranking mutually exclusive projects , conflicts in project 
ranking can arise , depending on whether NPV , PI, or IRR is used. Conditions under 
which such conflicts can arise and the resolution of these conflicts are treated in 
depth in Chapters 6 and 7. 

At this juncture, we turn to the final DCF model, which has special 
applications for regulated industries. 


EQUIVALENT ANNUAL CHARGE 

The annual-capital-charge method involves discounting all the cash inflows 
and outflows to present value and determining the equivalent annual charge 
over the life of the project. The method is of particular importance in the areas 
of public price regulation such as for utilities. A utility may, for example, 
construct a power-generating station at great cost. The life and annual operating 


Chapter 5: Discounted Cash-Flow Evaluation Techniques 51 

coste may also be projected. The annual-capital-eharge method is used to find 

ronJ 7 “ ! nnUa ° argC Aat Sh ° uld be made t0 customers to cover the 
construction and operating costs, while also providing a required rate of return 

J n e r re r‘ red rat 5 of return may be the firm’s cost of capital or another 
appropriate rate. The process is demonstrated in Example 7. 

□ EXAMPLE 7 Equivalent Annual Charge 

sann nnn tmty has Spent S1 T°’ 000 ° n a new fadlit V- Operating costs are expected to be 

Z " 

H S°l utwn: The equivalent annual charge consists of two parts: the $800,000 per year 

lTtl h P enodlc Payment needed to amortize $10,000,000 over 30 years at O^/po/the 
latter, refer to Appendix B, sixth column. X ‘ me 

annual charge = 0.09733635 X $10,000,000 
==$973,363.50 

The total equivalent annual charge is $973,363.50 + $800,000 = $1,773,363.50. □ 

In many problems a salvage value or recovery of working capital will be 
involved. This may be handled easily by multiplying salvage value by the 
appropriate sinking-fund factor (Appendix B, third column) The product is 

more? bt !T ted flrom the annual equivalent charge for the entire rost. The 
process is demonstrated in Example 8. 


□ EXAMPLE 8 Equivalent Annual Charge with Salvage Value 

the eqrrn.'annuaTchargf' ^ * $1 ’ 0 ° 0 ’ 000 Salv ^ vaI - impute 

Solution: First, find the present value of the salvage value: 

PV = 0.07537l X81.000,000 = 875,371 

Second, subtract the present value of the salvage value from the original cost: 

810,000,000 - 875,371 =89,924,629 ! 

Third, determine the equivalent annual charge: 

annual charge = 0.09733635 X 89,924,629 = 8966,027.16 

«h7t^U^a7targe nt ^ ^ * **“ $8 ° 0 ’ 000 ^ °P era * in S cost *> ^tain 
$800,000 + $966,027.16 = $1,766,027.16 n 


The equivalent-annual-charge method is also useful for comparing alterna¬ 
tives that have unequal lives, as demonstrated in Example 9. 
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□ EXAMPLE 9 Equivalent Annual Charge 

Two mutually exclusive projects have projected cash flows as shown, 


Present 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


Project A 
-$ 10,000 
- 2,000 
- 2,000 
- 2,000 

- 2,500 

- 2,500 

- 2,500 

- 3,000 

- 3,000 

- 3,000 

- 3,000 


Project B 

-$ 8,000 

- 2,500 

- 2,500 

- 2,500 

- 3,800 

- 3,800 

- 3,800 


In addition, project A will recover salvage value of $1,500 in year 10, while project B will 
recover SI ,000 in year 6. Determine the equivalent annual charge for each project at 10% 
required rate of return. 

Solution: Consider project A. The equivalent annual charge of the initial cost and 
salvage value are determined as in Examples 6 and 7. 

annual charge = 0.16274539 X $10,000 
= $1,627.45 

equivalent payment = 0.06274539 X $1,500 
= $94.12 

The equivalent annual charge of the initial cost less salvage value is *1,533.33 . 

Next, find the present value of the outflows over the 10-year operating life. 

present value = 2.48685 X $2,000 + 1.868409 X $2,500 + 1.789306 X $3,000 
= $4,973.70 + $4,671.02 + $5,367.92 
= $15,012.64 

The present value of the outflows is $15,012.64. The equivalent annual charge is found in 
the same manner as that used for the initial investment: 

annual charge = 0.16274539 X $15,012.64 
= $2,443.24 

The total equivalent annual charge is, therefore, $1,533.33 + $2,443.24 = S3 > 97 ^ 7 . 

Consider project B. The equivalent annual charge of the initial cost and salvage 
values are determined in the same manner as for project A. 

annual charge = 0.22960738 X $8,000 
= $1,836.86 

equivalent payment = 0.12960738 X $1,000 
= $129.61 

The equivalent annual charge of the initial cost less the salvage value is $1,707.25. The 
present value of the outflows is determined as follows: 

present value = 2.486852 X $2,500 + 1.868409 X $3,800 
= $6,217.13+ $7,099.95 
= $13,317.08 
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The present value of the outflows is $13,317.08. The equivalent annual charge is: 
annual charge = 0.22960738 X $13,317.08 
= $3,057.70 

ST-SfT p " n ' ? >* ™iw 

^ m " h ° <1 " '!« «... „f 


CHANGING RESIDUAL VALUES OVER TIME— 
THE ABANDONMENT QUESTION 


P J t is accepted if it has a productive value to the firm that exceeds its ™ J 

i = 

lh“ i™ *« «->'««•< *.»«. E«,™ P ii p of 

a e easily found in both commercial and residential real estate 

r «^rsrs,: “^"i? c s ce k rro b, “ “ 

rate abandonment values (af ^ 

tnto the analysis for capital project evaluation andfetaion ^ ^ 
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As a first approach to the abandonment problem, assume that the firm has 
the option to abandon the project at various points throughout Us useful life. The 
methodology basically finds the maximum NPV of the project cash flows and the 
abandonment value considering all possible periods when the project can be 

"h'^equauon form, we want to determine the time period « that maximizes 
NPV” 1 : - A AV (R s 

NPV '-,?„jTTiTmrir 

where A,= operating cash flow of the project in period t 
k = firm’s cost of capital 
AV = abandonment value in period m 

m = period when abandonment is being considered . , 

NPV" 1 = net present value of the cash flows from operating the project for m 
pcriods^as well as the abandonment value of the project at the end of 

the mth period 

The use of Equation (6) is illustrated in Example 10. 

□ EXAMPLE 10 Abandonment Decision 

Consider that project Z has the following cash flows and abandonment values over 

its useful life: 

- ioJ45 

Period 0 _ 1 _ ^ _____ _____ 

~ BW 1 -$7.500 $2,000 $2,000 $2,000 -! 2 ’°9 2_ 


Mon^nmt | _ ^ s5 , 200 $4 ,000 $ 2,200 0 

The firm’s cost of capital is 10%. Determine the optimal time for project Z to be 
abandoned if it is accepted. 

Solution: The analysis proceeds by preparing the following table: 



10% 



Discount 

Cash 

Period 

Factor 

Flows 

1 

0.909 

$2,000 

2 

0.826 

$2,000 

3 

0.751 

$2,000 

4 

0.683 

$2,000 

5 

0.621 

$2,000 

PV of operating 



cash flows 

PV of abandonment 
value 

PV of total 
flows 

Invest ment outflow 
NPV " 1 


Abandonment After Period: 


$1818 $1,818 $1,818 $1,818 $1,818 

1,652 1,652 1,652 1,652 

1,502 1,502 1,502 

1,366 1,366 

_ 1,242 

$1,818 $3,470 $4,972 $6,338 $7,580 

5,636 4,295 3,004 1,503 0 

$7 454 $7,765 $7,976 $7,841 $7,580 

7,500 7 ,500 7,500 7,500 7,500 

($46) $ 265 $ 476 $ 341 $_80 
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, Tf See u’ ^ TY" n ? aximized b v abandoning project Z at the end of period 
should also be noted that the abandonment option makes project Z considerably 
more attractive than if the firm had to hold the preject until tfjend of its five Siod 
useful life, that is, the NPV of the optimal holding period (8476 for three periods') is 
almost six times the NPV of the project if it is held to the end of its useful life ($80). □ 

the r n xamp , le l 0 demo “ es importance of selecting the optimum time for 
the disposal of an asset. Naturally, the analysis must be ongoing because costs 
revenues, and the market price of an asset will change from year to year: 
Consequently, it is necessary to recalculate the net present value and reconsider 
abandonment periodically throughout the life of an asset. The review of existing 
projects should take place at regular intervals and especially when events in the 
economy (for instance, changes in interest rates, changes in project replacement 
costs, or changes in projected revenues) dictate. Again, the primary objective is 
to maximize the present value of the firm’s entire portfolio of assets. 


_ QUESTIONS/PROBLEMS 

- ----—,—,— II. ■ -. - 

L Be f Com P an y is evaluating two brewing projects. The after-tax cash 

Hows tor the alternative proposals are summarized in the table. 


Time 


Project A 


Project B 


Present 

1 

2 

3 

4 

5 


$20,000 

5,000 

5,000 

6,000 

6,000 

6,000 


$28,000 

8,000 

8,000 

8,000 

8,000 

8,000 


Using a 10% rate, determine the NPV and PI for both projects. 

Z Leisure Incorporated is evaluating two investment opportunities and will pick one 
Project Fun requires an investment of 810,000, while Project Lazy requires an 
investment of $19,000. The after-tax cash flows are as follows: 


Cash Flows 


Year 


Fun 


Lazy 


$2,000 

3,000 

4,000 

3,000 

3,000 


$4,000 

5,000 

6,000 

4,000 

3,000 


Determine the NPV and the profitability index associated with each given a hurdle 

rare ox lU/o. 

3. A project costs $75 and will yield after-tax cash flows of $5 in years 1 and 2, $20 in 
years 3 and 4, and $25 in years 5 to 10. Find the IRR of the project 

^ eferrl "g to 3 determine the equivalent annual inflows which, when 

discounted at the IRR, will give a NPV of zero. 
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5. An investor paid 365,000 for a duplex that she intends to keep 5 years and then sell. 
In the first years she knows that she will have to spend a considerable amount for 
repairs. If she desires a 9% after-tax return and the cash flows are as tabulated below, 
will she achieve this return? Determine the net present value and profitability index. 

Year Cash Flows 

1 -$100 

2 4,900 

3 5,300 

4 4,800 

5 74,500 

6. A utility company is considering building a new generating facility for $50,000,000 
with inflation-adjusted operating expenses of $1,000,000 annually for 30 years, the 
life of the installation after completion of construction. The salvage value is estimated 
at $1,500,000, and construction will take 2 years before the new facility can be 
brought on line. Consider the cost of construction to represent outflows of $25,000,000 
each at the end of the first 2 years. Alternatively, the company can rebuild the 
present facility for $10,000,000 and reduce annual operating expenses from $2,000,000 
to $1 500 000. If this alternative is' chosen, power will have to be bought from a 
network grid for a year at a cost of $30,000,000 until the work is finished. Consider 
the costs of construction and purchase of power to be paid in equal installments at the 
start and end of the current year. This rebuilding project has an expected life of 15 
years after rebuilding with no salvage value. Ignore investment tax credits and 
depreciation and determine the equivalent annual cost of each project based on a 7 /o 

7. Inner City Memorial Hospital has been plagued with continuous operating dehci s. 
Based on a study made by an outside consulting firm, it is decided that the deficits are 
due to the outdated structure of the current facility. The hospital’s consultants have 
made the following recommendation. They indicated that they can update the 
current facility for $10,000,000. With these renovations the hospital s annual budget 
will be $8,000,000. They also state that they can build an entirely ne ^ fa ^ 

$15 000 000. This new facility would have an annual operating budget of $/ UUU,UUU. 
A state health care planner has been called in to decide which project would be less 
costly to the consumer. The planner has accumulated the following facts: 

1. Both projects would have a useful life of 25 years with no salvage value. 

2. Expenses are expected to increase equally over the years for both projects due to 

inflation. 

3. A 10% discount rate is assumed. 

Prepare an analysis that would indicate the least-costly alternative. 


TIhe SupERioRny 
of t^e Net-Present-VaIue 

Technique 


^ , 7 ^ e I 1 ° US J Chapte T^^ e lntroduced most widely used discounted 

th 'nt^ CF) non - DCF models used in capital budgeting. We argued 
that the DCF methods are superior to the non-DCF models because the former 
take the time value of money into account. In this chapter, we support our 
preference for the NPV model as the unique evaluation technique that con- 
sistently helps firms to maximize common shareholders’ wealth positions. 
Whenever mutually exclusive projects are being evaluated, only the NPV model 
will consistently show the firm the project or set of projects that will maximize 
the value of the firm. The use of any other evaluation technique can lead the 
firm to select projects that leave the shareholders in inferior wealth positions. 

We begin with a review of surveys that provide insight into the actual use of 
evaluation techniques in industry. 


TRENDS IN THE USE OF PROJECT EVALUATION TECHNIQUES 


Over the last 25 years, various surveys have provided information concern¬ 
ing the use of capital budgeting models. There has been a steady growth in the 
adoption of DCF techniques, at least among medium-sized and large firms 
Robichek and MacDonald reported that in the mid-1950s, only 9% of Fortune 
500 firms were using discounting techniques. 1 By 1975, Petry reported that 66% 
or his respondents were using DCF techniques. 2 


A. A. Robichek, and J G. MacDonald, “Financial Planning in Transition, Long Range Planning 
2 er !| Ce ’ eport No. 268, (Menlo Park, Calif.: Stanford Research Institute, January 1956) 

5G7-65 Petry ’ “ EffCCtiVe USC ° f Capital B ^geting Tools,” Business Horizons 18, no. 5 (October, 1975), 
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Also in 1975, Petty, Scott and Bird administered a questionnaire to all firms 
on the 1971 Fortune 500 list. 3 4 Table 6-1 shows how 109 firms responded to the 
following request: Rank the capital budgeting techniques used by your firm for 
projects related to new product lines. 

It is interesting to note that 41% of their respondents use IRR as their 
primary evaluation technique and only 15% use NPV. Further, 58% of their 
respondents utilize DCF techniques as their primary evaluation method. As 
secondary evaluation techniques, payback and average rate of return score first 
and second with 37% and 24% of the respondents, respectively. 

In a more recent survey, Gitman and Forrester selected a sample from the 
600 firms experiencing the greatest stock price growth over the 1971-76 period. 
The responses from 112 of those firms as to their primary and secondary capital 
budgeting techniques are given in Table 6-2. 

Compared with the Petty, et. al., study cited earlier, the respondents m the 
current study show an even greater preference for IRR (53.6%) over NPV 
(9.8%) as a primary evaluation technique. Again, payback was found to be the 
most popular secondary technique. 

In another study, Petry asked his sampled firms to indicate the reasons why 
various techniques were used. 5 The responses are shown in Table 6-3. 

We want to draw attention to four of the reasons cited: recognizes the time 
value of money (17%), easy to use (12%), familiar to management (10%), and 
ease of comparison (7%). We applaud the first reason, but will argue that the 
latter three reasons are inconsistent with the results cited in Tables 6—1 and 6—2, 
which show that IRR is significantly more widely used than NPV. Namely, we 
show in this chapter that IRR does not show what most practitioners who use it 
think it shows. Further, we show that, in general, the ranking of two or more 
projects by their IRR’s makes little sense because these figures are noncompara- 

TABLE 6-1 Evaluation Techniques Used by 1971 Fortune 500 Companies 


Evaluation Techniques : New Product Lines 
Rank 


Technique 

1 

2 

3 

4 

5 

6 

Accounting return on 
investment 

31% 

24% 

21% 

12% 

9% 

0% 

Payback period 

11 

37 

38 

15 

16 

0 

50 

Net present value 

15 

14 

17 

44 

13 

Internal rate of return 

41 

19 

17 

13 

9 

0 

Profitability index 

2 

4 

5 

12 

50 

50 

Other 

0 

2 

2 

4 

3 

0 

Total 

100% 

100% 

100% 

100% 

100% 

100% 


Source: J. W. Petty, D. F. Scott, and M. M. Bird, “The Capital Expenditure Decision-Making 
Process of Large Corporations,” The Engineering Economist 20 (1975), 162-63. 


3 J. W. Petty, D. F. Scott, and M. M. Bird, “The Capital Budgeting Decision Making Process of 
Large Corporations,” The Engineering Economist 20, no. 3 (Spring 1975), 159-172. 

4 L. J. Gitman, and J. R. Forrester, Jr., “A Survey of Capital Budgeting Techniques Used by Major 
U.S. Firms,” Financial Management 6, no. 3 (Fall 1977), 66-71. 

5 Petry, “Capital Budgeting Tools,” p. 60. 
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ble unless the time patterns of the project cash flows are identical (in which case 

zzaxEszgjiF*- 

rRR °“'° r § ? a !. in this is to shed greater light on the shortcomings of 

IRR and its inability to contribute to the maximization of the shareholders’ 

TABLE 6-2 */'“■**/ Techniques Used by Firms Achieving Most 
Rapid Stock Price Growth Between 1971 and 1976 

Capital Budgeting Techniques in Use 
Primar y Secondary 


Tech nique 

Internal (or discounted) 
rate of return 
Rate of return (average 
rate of return) 

Net present value 
Payback period 
Benefit/cost ratio 
(profitability index) 
Total responses 


Number 


Percent 


Number 


Percent 


60 

28 

11 

10 

3 

TT2 


53.6 

25.0 

9.8 

8.9 

2.7 

100.0 


13 

13 

24 

41 

_2 

93 


14.0 

14.0 

25.8 

44.0 

2.2 

100.0 


..... . . ^ J.UU.U 

TABLE 6-3 Reasons for Selecting a Given Capital Budgeting Technique 


Reasons Cited 


1. Recognizes time value 
of money 

2. Required for regulated 
business 

3. Easy to use 

4. Familiar to management 

5. Accepted in our industry 

6. Capital intensive industry 

7. Ease of comparison 

8. Long-lived investments 

9. Appropriate 

10. Other 

11. High rate of equipment or 
merchandise obsolescence 

12. High risks 

13. Labor intensive industry 

14. High cash flow in early years 

15. Volatile product prices or 
demand 

Total 


Source: G. H. Petry, 
(1975), 60. 


Number of 
Corporations 
Citing Reasons 

Percentage 

of 

Total 

37 

17 

27 

12 

26 

12 

22 

10 

20 

9 

18 

8 

15 

7 

15 

7 

9 

4 

9 

4 

8 

4 

5 

2 

4 

2 

3 

1 

3 

1 

221 

loo 

■ ' |f • ■ 


‘Effective Use of Capital Budgeting Tools,” Business horizons 


IB 
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wealth position. It is to be hoped that this chapter may play a part. uii a 
widespread rejection of the IRR approach in practice and its replacement by the 
far superior NPV technique. 

DIFFERENCES AMONG TF1E DCF TECF1NIQUES 

Among the three DCF techniques-NPV, PI, and IRR-there are two 
major differences in the techniques that warrant discussion: 

1. The absolute versus the relative measurement of project attractiveness. 

2. The reinvestment assumption. 

Each of these points is discussed in turn. 

As we canrell by observing the three DCFmodelsthe NPV resuks 

an absolute measure of the project’s worth, while both PI and IRR are relative 
measures of project viability. Specifically, NPV shows the dollar amount by 
which the project’s discounted cash inflows (DCI)' 

outflows (DCO). On the other hand, PI computes the ratio of DCI to DCO and 
IRR determines a percentage return figure. As you might expec , 3. mo 
ranks projects using an absolute figure of merit may very well arrive at a 
different ranking than the one obtained by a model that compares projects on a 

rCla T V hemljor question that will be addressed in later sections of this chapter is: 
Can firms maximize shareholders’ wealth (the primary objective of finanaa 
management) equally well with a relative or an absolute measure of project 
attractiveness? To remove some of the surprise element, the answer to this 
Question is no! We show that NPV is clearly superior to either of the relative 
measures (PI and IRR) of project attractiveness in helping firms to maximize 
shareholders’ wealth. Further, we recommend that the two relative models 

should be abandoned in favor of the NPV model. 

Turning to the second major difference, we can state a general rule that is 
often overlooked by users of DCF models: All DCF models make the implicit 
assumption that the project’s cash inflows can be reinvested to earn a return tha 

is equal to the rate used to discount the cashflows. This rel " v ^ I "“* *XTrSct’s 
made for each cash inflow between the time it occurs and the end of the projects 
life Thus the NPV and PI models make the implicit assumption that the 
pmieS cVhlnflows can be reinvested at the firm’s required rate of return. 
Analogously, the IRR model makes the implicit assumption that the cash inflows 

ran he reinvested at the computed IRR rate. , , 

In order to illustrate the implicit reinvestment assumptions, we introduce the 
concept of terminal value. The terminal value (TV) of a project is the value that 
would accumulate by the end of the project’s life if the Project’s cash inflows 
were invested to earn a specified compounded return between t h * 
inflows occurred and the end of the projects life. The TV of a project 
calculated using Equation (1). 

tv= 


(i) 
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where S t — the cash inflow that occurs at the end of period t 
i= the reinvestment rate 
n = the useful life of the project 

Example 1 demonstrates the respective reinvestment assumptions for NPV 
and IRR. 


□ EXAMPLE 1 An Illustration of Reinvestment Assumptions 

A firm with an after-tax required rate of return of 14% is evaluating the following 
two projects: 


Project Cash Flows 


Year A B 


0 -$ 10 , 000.00 -$ 10,000 

1 + 3,862.89 0 

2 + 3,862.89 0 

3 4 3,862.89 0 

4 4- 3,862.89 + 20,736 


The firm has computed the NPV and IRR for each project: 

Project 

Model A B 

NPV h% $1,255 $2,277 

IRR 20% 20% 

(a) Show that project A will achieve a terminal value of $20,736 (which is exactly 
the final cash inflow for project B) when the reinvestment rate is 20% (which is exactly the 
IRR for both projects). 

(b) Compute the TV for each project using a reinvestment rate of 14% 

(c) Show that each project’s NPV is exactly the present value of the TV less its cash 
outflow. 

Solution: (a) We determine the TV for project A using Equation (1): 

TV A -£ 5,0 + 0"" 

1 = 0 

- $3,862.89( 1.20) 4 “ 1 4 3,862.89(1.20) 4 ~ 2 

4 3,862.89(1.20) 4 “ 3 4 3,862.89(1.20) 4 ~ 4 
= $6,675.07 4 5,562.56 4 4,635.47 4 3,862.89 
== $20,736 

This terminal value for project A exposes IRR’s implicit reinvestment assumption that the 
entire cash inflow is reinvested to earn the IRR rate. Projects A and B are equivalent only 
if the terminal values are equivalent, and this only occurs if project A's cash inflows are 
reinvested at the 20% IRR. 
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(b) Turning to the NPV model, the TV for project A assuming a 
rate is: 

TV A = $3,862.89(1.14) 4 " 1 + 3,862.89(1.14) 4-2 


14% reinvestment 


. 4-3 


+ 3,862.89(1.14)" " + 3,862.89(1.14) 

= $19,010 

The TV for project B is $20,736 because there are no intermediate cash inflows (i.e., those 
between the investment in the project and the end of its life) to reinvest. 

(c) We compute the NPV of each project by discounting the TV using the firm’s 
required rate of return and then subtracting the cost of the project, as shown in 
Equation (2): 

( 2 ) 


NPV 


TV 


(1 + k) n 


where d 0 =the cash outflow 

k — the firm’s required rate of return 

For project A: 


NPV. 


$19,010 


$ 10,000 


(1.14) " 

= $11,255 - $10,000 = $1,255 

This value equals the NPV for project A using the conventional NPV model introduced 
in Chapter 5. (To see that the NPV found using Equation (2) is equivalent to the NPV 
using Equation (1) from Chapter 5, see Problem 11 at the end of this chapter.) 

For project B: 

- 810,000 

(1.14) 4 

= $12,277 - $10,000 = 82,277 

Therefore, these two last computations show that the NPV model makes the implicit 
assumption that a project’s cash inflows are reinvested at the firm’s required rate of 
return. 


NPV B = 


We now turn to a discussion of what the computed IRR value really 
conveys. 


THE TRUE MEANING OF IRR 

It is our contention that a majority of the users of the IRR model do not 
fully understand its implications. When we have asked users to describe the 
meaning of a computed IRR value, the almost unanimous response is IRR 
shows the compounded annual rate of return that is earned on the original 
investment in the asset over its entire life. This is wrong\ 

At this juncture, there are three definitions that can be offered for IRR: 

1. It is the discount rate that equates a project’s discounted cash inflows with 
its discounted cash outflows. 
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2. It is the return on investment that allows the project’s cash inflows to 
reduce the value of the investment to zero at the end of the project’s life. 

3. It is the return earned on the funds that remain internally invested in the 
project. 

The first definition is used and illustrated in Chapter 5 and probably 
requires no further elaboration. However, the second and third descriptions call 
for additional discussion. 

The second and third definitions view a project or investment as analogous 
to a mortgage. That is, when an individual has a mortgage, the payments (cash 
inflows from the investment) go first toward interest (return from the investment); 
only after that do they reduce the outstanding principal (i.e., reduce the value of 
the investment). By the end of the life of the mortgage (investment) the 
outstanding principal (value of the investment) is reduced to zero. Over the life 
of the mortgage (investment) the lending party (the firm) has earned inter¬ 
est (a return) only on the outstanding principal (the amount of funds that 
remain invested in the investment). 

An illustration should help clarify this discussion. 

□ EXAMPLE 2 A Project Viewed as a Mortgage 

For Project A shown in Example 1, which has an IRR = 20%, complete the 
following table, which views the project as a mortgage. Show that the project cash flows 
reduce the value of the investment to zero by the end of year 4. 


(/). 

Beginning 
Value of the 
Investment 

Year 

(2) 

Cash 

Inflow 

(3) 

20 % Return 
on Value of 
the Investment 
20% X(J) 

U) 

Reduction in 
the Value of 
the Investment 
. (2)-(3) 

( 5 ) 
Ending 
Value of the 
Investment 
(*)-(*) 

1 $10,000 

$3,862.89 





2 3,862.89 

3 3,862.89 

4 3,862.89 


The ending value of the investment in any year is the beginning value of the investment 
in the following year. Thus, the value from column (5) is carried back to column (1) for 
the next year. J 

Once the table is complete, explain Project A’s IRR using the third definition above. 
Solution: Carrying out the calculations, the completed table appears as follows: 


Year 

0) 

Beginning 
Value of the 
Investment 

(2) 

Cash 

Inflow 

(3) 

20% Return 
on Value of 
the Investment 
20% X(/) 

{4) 

Reduction in 
the Value of 
the Investment 
(2)~(3) 

(3) 

Ending 
Value of 
the Investment 
V)-{4) 

1 

$10,000.00 

$3,862.89 

$2,000.00 

$1,862.89 

$8,137.11 

2 

8,137.11 

3,862.89 

1,627.42 

2,235.47 

5,901.64 

3 

5,901.64 

3,862.89 

1,180.33 

2,682.56 

3,219.08 

4 

3,219.08 

3,862.89 

643.81 

3,219.08 

0 
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Looking at the above table we see that 20% is earned on $10,000 during year 1, 20% 
is earned on $8,137.11 during year 2, 20% is earned on $5,901.64 during year 3, and 20% 
is earned on $3,219.08 during year 4. Project A does not earn a 20% rate of return on 
$10,000 for the entire 4-year useful life; the return of 20% is earned only on funds that 
remain internally invested in the project (i.e., the value of the investment in each of the 4 
years). Thus the IRR criterion makes the assumption that cash inflows are reinvested at 
the same rate, so that it can claim a true compounded rate of return on the entire original investment 
for the entire useful life of the project. However, it can be said that project A will generate a 
true compounded rate of return of 20% on $10,000 for 4 years if and only if the cash 
inflows of $3862.89 each year can be reinvested at a 20% return for the rest of the 
project’s useful life. This was demonstrated in the computation of the terminal value for 
project A in Example 1. 


As mentioned in Example 2, all that the computed IRR value shows is the 
rate of return on the funds that remain internally invested in the project. 
However, IRR users are under the misapprehension that IRR conveys the true 
compounded annual rate of return on the project. In reality, the true com¬ 
pounded rate of return on the project is related to IRR, as shown in Equation 
(3): 


true rate weighted 

of return on = average 
a project of 


IRR and 


reinvestment 
rate earned on 
the project’s 
cash inflows 


( 3 ) 


The weights used in Equation (3) are the cash inflows generated by the 
project. The lower the cash inflows early in the project’s life, the longer the funds 
remain internally invested in the project; this dictates that IRR be the more 
heavily weighted factor in Equation (3). On the other hand, the higher the cash 
inflows early in the project’s life, the earlier the funds have to be reinvested in 
other projects; this makes the reinvestment rate increasingly significant in the 
determination of the project’s true rate of return. 

Obviously, the true rate of return earned on a project is much more relevant 
than the project’s IRR. However, even the project’s true rate of return suffers 
from the limitation that rates of return are relative measures of project attractive¬ 
ness that may or may not have anything to do with the maximization of 
shareholders’ wealth. This is the topic explored in the final section of this 
chapter. 


THE INABILITY OF IRR TO MAXIMIZE SHAREHOLDERS' WEALTH 

When firms are evaluating mutually exclusive projects—two questions arise. 
First, can a conflict exist in ranking the projects using NPV, PI, and IRR? 
Second, if a conflict can and does arise, which technique should the firm utilize 
in order to maximize shareholders’ wealth? 
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Fisher's Intersection 

The answer to the first question is yes, it is possible for a conflict to arise in 
ranking mutually exclusive projects if the assets require different discounted cash 
outflows (a size disparity exists), if the projects have difFermg^iF^ 

(a time disparity exists), or if the projects have unequal useful lives. 

Notice that we said that a conflict is possible. That is, even if we have two or 
more mutually exclusive projects and even if one of the three disparities (size, 
time, or useful life) exists, there may or may not be a conflict between the 
rankings given the projects by NPV, PI, and IRR. Consider Figure 6-1. 

Part (a) shows that project B dominates project C. This means that project 
B’s NPV profile is everywhere above the NPV profile of project C. Thus, project 
B will have a greater NPV and PI than project C, regardless of the cost of 
capital; project B also has a higher IRR than project C. In part (b), the NPV 
profiles of projects D and E are tangent at only one point, but project D’s profile 
is everywhere else above project E and project D has a higher IRR. Thus, there 


FIGURE 6-1 Examples of NPV Profiles for Three Sets of Two 
Mutually Exclusive Projects 
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will again be no conflict between the rankings given D and E by the three 
techniques. In part (c), we see that: (1) the profiles for projects F and G have a 
single point of intersection; (2) the NPV for project F at a zero discountrate.s 
greater than the NPV at a zero discount rate for project G; and (.i) the IKK tor 
project G is greater than the IRR for project F. Under these conditions, there will 
be a conflict between NPV and IRR if the firm’s cost of capital is less than the discount rate 
at which the intersection in NPV profiles occurs. Also, there may be a conflict between NPV 
and PI only if there is a size disparity between projects F and G, and there will be a conflict 
between PI and IRR only if NPV and PI agree in their rankings of the projects. 

The intersection shown in Figure 6-1(c) is of some importance. It is called 
Fisher’s intersection after the great economist Irving Fisher, who was among the 
first to point out conflicts among NPV, PI, and IRR. 6 Fisher’s intersection occurs 
at the interest rate where the NPV’s of the two projects are equal; it is of 
significance because it is the hurdle rate at which the preferred project using NPV 
changes from one project to the other. In addition, as we mentioned before at required 
rates of return less than Fisher’s intersection, NPV and IRR conflict m their 
ranking of the two projects. On the other hand, if the required rate of return is 
greater than Fisher’s intersection, no conflict between NPV and IRR exists. 

We can determine the discount rate at which Fisher’s intersection occurs 
between the NPV profiles for two projects (call them I and II) using Equation 
(4): 

NPV ( = NPV,, 

( 4 ) 

, = o(l+/)' 1 = 0(1+/)' 

where (^) l5 (S,) n =the cash inflow in period t for project I and project II, 
respectively 

(z4 n ) T (z4 n ) n = the cash outflow for project I and project II, respectively 
/ =the discount rate at which Fisher’s intersection occurs 

Notice that Equation (4) can be simplified by bringing all terms over to the 
left-hand side. Thus, the calculation of Fisher’s rate (/) is similar to an IRR 
calculation. In addition, as with IRR, there can be zero, one, or multiple values 
for /. However, we limit our attention to cases in which there are zero or one 
intersection because these are the more usual cases. The reader interested in the 
problem of the existence and uniqueness of the Fisher’s intersection is referred to 

that literature. 7 8 . , ^ , q 

The illustration of the calculation of Fisher s rate is the task of Example 3, 

which is adapted from an example originally presented by Hirshleifer. 

6 See especially: Irving Fisher, The Rate of Interest (New York: Macmillan Publishing Co., Inc, 1907) 
and The Theory of Interest (New York: Macmillan Publishing Co, Inc, 1930). _ 

7 See T C T Mao, “The Internal Rate of Return as a Ranking Criterion,” The Engineering Economist, 
Summer 1966 pp. 1-13; J. C. T. Mao, Quantitative Analysis of Financial Decisions (New York. 

Co.; Inc, 1969), Chap* 7; W. H. Jean The Analytical Theory of Finale N«£ 
York- Holt, Rinehart and Winston, Inc, 1970), Chap. 2; and E. F Fama and M. H. Miller, The 
Theory of Finance (New York: Holt, Rinehart and Winston, Inc, 1972), Chap. 3. 

8 J. Hirshleifer, “On the Theory of Optimal Investment Decisions,” Journal of Political Economy , 66 
(August 1958), 329-352. 
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□ EXAMPLE 3 Fisher's Intersection 

A firm is evaluating the following two mutually exclusive, but quite profitable 
projects: ’ 


$10,000 

0 

40,000 


-$ 10,000 
+ 20,000 
+ 10,000 


As an aside, we can tell just by looking at the cash-flow patterns of the two projects 
which would be preferred by the NPV criterion at low-to-moderate discount rates and 
which project would have the higher IRR (see Problem 14 at the end of this chapter). 

(a) As a review of Chapter 5, compute each project’s IRR. 

(b) Based on the cash-flow patterns for the two projects and the answer to part (a), 
can we determine if these two projects will have a Fisher’s intersection? Explain. 

(c) Using Equation (4), determine r' (the discount rate at Fisher’s intersection) and 
the NPV at r' for both projects. Comment on the significance of r'. 

(d) Using the above results, sketch the two NPV profiles. 

Solution; (a) Computing the two IRR’s, we find: 

TDD _ -$10,000 , 0 , $40,000 


Therefore, 


Therefore, 


(l + ri)° (1+q) 1 (1+rj) 2 


q = 100% 

H[1Q,000 ] $20,000 | $10,000_ 

( 1+r n)° (l+r n )' (l+r„) 2 


r TI = 141.4% 


(b) By looking at the cash-flow patterns for the two projects, we can tell that project 
I has a higher NPV than project II at a zero discount rate. This can be seen by taking the 
undiscounted sum of the cash flows for the two projects: the NPV at 0% for project I is 
— $10,000 + 0 + $40,000 = $30,000; the NPV at 0% for project II is -$10000 + 
$20,000 + $10,000 = $20,000. In addition, the results of part (a) show that project’ll has 
a greater IRR than project I. Therefore, we can conclude that the NPV profiles for these 
two projects must intersect at a discount rate somewhere to the left of the smaller IRR 
(i.e., somewhere less than 100%). We compute this rate, /, in part (c). 

(c) Using Equation (4), we find: 


NPV, = NPVt 


+ _JL_ + iW)oo = nncbooo j^ow $10,000 

(i+/)° (1+/)' (1+/) 2 (i+/)° (1 +/)' + (1+/> 2 

-$20,000 | $30,000 

( 1+/) 1 (1 + /) 2 ~ 
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Therefore, 


/ = 50% 


The NPV level achieved by both projects at / = 50% is determined by substituting 50% 
into the NPV equation for k using either project’s cash flows: 


NPV X = - $10,000 +-r 

(1 -50) 


$40,000 
+ (1.50) 2 


= $7,778 

We would find the same NPV value at k = 50% for project II. 

The significance of the / value is that for any required return less than 50%, the 
NPV model will prefer project I, while the IRR model will prefer project II. For required 
returns above 50%, both NPV and IRR will rank project II higher than project I. Thus, 
depending on the level of the required rate of return relative to 50%, there either will or 
will not be a conflict between NPV and IRR in ranking these two projects. In addition, 
the farther the firm’s required rate of return is below 50%, the greater the NPV 
dominance of project I over project II. 

(d) We now have sufficient data to plot the two NPV profiles. 



□ 


How IRR Selects the Wrong Project 

Let’s take a closer look at our results in Example 3. For required rates of 
return less than 50% (where a conflict in project ranking between NPV and IRR 
exists), one of the two models will clearly lead the firm to select the wrong project, 
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which will result in the common shareholders being worse off than they would 
have been if the better project had been accepted. 

It is important for us to determine whether it is the NPV model or the IRR 
model that has the inherent flaw that occasionally produces a conflict and 
therefore an error, in project ranking. The answer to this question is the focus of 
Example 4. 


□ EXAMPLE 4 The Inability of IRR to Maximize Shareholders' Wealth 

For the two projects shown in Example 3, we want to show that one project clearly 
dominates the other. This will indicate which model leads the firm astray by showing a 
preference for an inferior project. 5 

Consider the following tabulation of the project cash flows: 


Project 


I I Modified H 


0 -$ 10,000 -$ 10,000 

1 0 + 20,000 

2 + 40,000 + 10,000 


Notice that the two projects have the same cash outflow in year 0. In addition, in year 2 
the cash inflow of project I exceeds that of project II. One way of showing the dominant 
project is to modify the cash flows of one of the projects. We will demonstrate by 
modifying project I. First, equate the cash flows for project I in year 2 with those of 
project II. Then discount the remainder of the second year cash flow of nroiect I 
($40,000 — $10,000 = $30,000) back one year using the firm’s required rate of return. 
1 hus, project I modified and project II will have equal cash flows in year 0 and year 2 
and we can determine the dominant project by comparing the year 1 cash inflows. 

a u fir , m a 16% rec l uired rate of return, complete the given table 
(b) On the basis of part (a), which project dominates and will NPV or IRR lead the 
hrm to accept the wrong project? Can you generalize the results found in part (a)- Over 
what required rates of return will project I dominate II? Discuss. 

(C l proponents might argue that project II is preferred because it 

generates a 520,000 cash inflow in period 1, which can be used for reinvestment in 
attrachve opportumties. However, if such attractive opportunities exist, the firm would 
sull te able to accept project I and borrow $20,000 in period 1 at the cost of capital. 

I he loan can be repaid in period 2 with part of the $40,000 cash inflow. For this 
firm, with a 16% cost of capital, prepare a table similar to the one given, which has a 
co umn or the original project I cash flows, the loan cash flows just discussed, the total of 
these two sets of cash flows (which is actually a revised set of cash flows for project I) and 
the cash flows of project II. Which project dominates? Generalize your results. 


Solution: (a) The completed table is as follows: 


Project 

I __ I Modified // 

-$ 10,000 -$ 10,000 -$ 10,000 

0 + 25,860 + 20,000 

+ 40,000 + 10,000 + 10,000 
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We arrive at the value of $25,860 for the year 1 cash inflow of modiHed project I by 
multiplying the $30,000 of the cash inflow of year 2 $30,000 remains a t ^ S10 ’ 00( ? ^ 
original $40,000 is left in year 2) by the 1-year discount factor for 16% (0.862). This 
results in a modified, but equivalent , cash flow series for project I. 

(b) We can thus see that project I dominates project II and that any rational 
decision-maker would prefer project I to II. The project preferred by the NPV criterion 
(project I) would leave the firm with greater wealth than the project preferred by the 
IRR criterion (project II). In fact, by examining the modified cash-flow series we can see 
that the firm would be throwing away $5,860 of wealth in year-1 dollars if it followed the 

IRR criterion rather than the NPV criterion. , ^pv 

Recall from Example 3 that Fisher’s intersection occurs at r - 50%. The NPV 
model would continue to prefer project I at all required rates of return up to 5|0%^ Thus 
the modified project I cash flows would continue to dominate project II for all required 
rates of return up to 50% (see Problem 12 at the end of this chapter tor a demon¬ 
stration of this). For required rates of return in excess of t>0%, the cash flows of 
project II will dominate the cash flows of modified project I because s " C f j' 
quired rates of return, the NPV criterion prefers project II (see Problem 13 fm a 
further development of this). At discount rates greater than 50% the IRR cnteiion 
is correct in ranking project II higher than project I; however, the IRR criterionns 
correct only because it agrees with the NPV criterion, not because it is a valid evalu¬ 
ation criterion. We saw that IRR was dearly wrong in ranking projects where it 
conflicted with NPV (i.e., at discount rates lower than 50%.) 

(c) For a firm with a 16% cost of capital, we prepare a table comparing the two 
projects given that the firm can accept project I and take out a loan for $20,000 at the 
end of year 1: 


Project 

I and 

t l Loan Loan Combined 

~“o -$ 10,000 ~ -$ 10 ’ 000 

! 0 +$ 20,000 + 20,000 

2 + 40,000 - 23,200 a + 16,800 

a This value includes $3,200 in interest plus the principal of $20,000. 


II 

-$ 10,000 
+ 20,000 
+ 10,000 


Again, we see that project I plus the loan clearly dominates project II. Under both 
alternatives, the firm has $20,000 to invest in those attractive opportunities at the end ot 
year 1 The additional returns earned on the $20,000 are added to the returns on each 
project and project I will, of course, continue to dominate. Project I will continue this 
domination over project II even if the firm has an opportunity to invest more than 
$20 000 at the end of year 1 and given that loans are available if the firm accepts ei er 
project (see Problem 16 at the end of this chapter). 

Consistent with our generalized results in part (b), project I with the loan continues 
to dominate project II as long as the firm can borrow funds at a rate less than 50%, the 
Fisher’s rate for these two projects found in Example 3. 


As noted in Example 4, IRR can have a detrimental impact on share¬ 
holders’ wealth. This fact can also be demonstrated by showing how much the 
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shareholders’ wealth would increase at the end of the life of the project as a 
result of accepting that project. This is done for two mutually exclusive projects 
m Example 5. 


□ EXAMPLE 5 Inability of IRR to Maximize Shareholders' Wealth y 
Revisited 

A firm with a 10% cost of capital is evaluating projects A and B as follows: 


t 


A 


B 


0 -$ 200,000 

1 + 50,000 

2 + 50,000 

3 + 235,000 

NPV 10% $ 63,335.84 

PIio* 1.31668 

IRR 23.0% 


-$ 200,000 
+ 102,500 
+ 102,500 
+ 102,500 
$ 54,902.33 
1.2745 
25.03% 


NPV and PI rank project A higher, while IRR prefers project B. Somewhat 
artificially, assume that the firm will obtain the $200,000 required at their cost of capital 
and that any amount can be repaid each year. Show the impact on shareholders’ wealth 
at the end of the life of each project, where cash inflows over the life are used to pay 
interest and principal on the $200,000 required. 

Solution: The analysis proceeds by preparing the following tables for each project: 

Project A 


Increase in 

Beginning Interest Retirement Ending Shareholders' 

Year Balance at 10 % Cash Inflow of Principal Balance Wealth a 

1 $200,000 $20,000 $50,000 $30,000 $170,000 

2 170,000 17,000 50,000 33,000 137,000 

3 137,000 13,700 235,000 137,000 0 $84,300 

a Cash inflow in year 3 less the interest in year 3 less the beginning balance for year 3. 


Project B 


Increase in 

Beginning Interest Retirement Ending Shareholders' 

Year Balance at 10% Cash Inflow of Principal Balance Wealth a 

1 $200,000 $20,000 $102,500 $82,500 $117,500 ~~ 

2 117,500 11,750 102,500 90,750 26,750 

3 26,750 2,675 102,500 26,750 0 $73,075 

a Cash inflow in year 3 less the interest in year 3 less the beginning balance for year 3. 

Project A increases shareholders’ wealth by $84,300, compared to $73,075 for Project 
B. So again, if the firm followed the IRR criterion and accepted project B, it would lead 
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to a sacrifice of $11,225 in the shareholders’ wealth position at the end of the 3-year life of 
both projects. IRR is clearly an inferior criterion compared to NPV in maximizing 

shareholders’ wealth. . . , 

It is important to note the relationship between each project’s increase in share¬ 
holders’ wealth at the end of year 3 and its NPV; namely , if we discount each project >s increase 
in shareholders ’ wealth back to time zero at the Jinn's required rate of return , we get precisely the NPV 
for that project . To illustrate, 

ivTTvt r / increase in share- \ / present value \ 

NPV for = holders wealth f or X factor for 3 

project A ^ project A / \ years and 10% j 

= ($84,300) X (0.751315) 

= $63,335.84 

Parallel results can be found for project B. 

If it is argued that there are attractive reinvestment opportunities in years 1 and l 
for the $102,500 cash inflows of project B, it can again easily be shown that project A is 
still superior when an additional loan is obtained (at the cost of capital) to have this 
amount of funds available in each year. The comparison is as follows: 


Project A 


Time 

Original 

Loan 

Revised 

Project B 

0 

1 

- $200,000 
+ 50,000 

+ $ 52,500 

-$200,000 
+ 102,500 

- $200,000 
+ 102,500 

2 

+ 50,000 

+ 52,500 

+ 102,500 

+ 102,500 

3 

+ 235,000 

- 121,275 a 

+ 113,725 

+ 102,500 


a The loan repayment of $121,275 consists of $105,000 in principal, $5,250 in interest for the 
loan outstanding in period 2, and $11,025 in interest for the loan outstanding in period 3 of 
$110,250 ($52,500 + $52,500 + $5,250). 


Again, project A clearly dominates project B, and any rational decision-maker would 
select A rather than B. D 

At this juncture we might question why such difficulties are experienced in 
the use of IRR. It could be said that IRR does a good job of measuring the 
compounded rate of return over time on the funds that remain invested in an asset , but the 
problem is that this figure has nothing at all to do with maximizing shareholders' wealth. A 
firm that attempted to maximize IRR could very well find that the highest IRR 
project had an original cost of $100 and a return next year of $150, leading to a 
50% IRR; shareholders would be pleased over the $50 net return, but would 
raise more questions about how the remaining portion of the capital budget was 
invested. If management replied that they did not want to invest any more than 
$100 because to do so would deteriorate the IRR below the very attractive 50% 
level achieved, they would be looking for new jobs. The NPV criterion shows clearly 
and unambiguously the impact of projects on shareholders ' wealth or the present value of the 
firm. However , the same is obviously not true for IRR. 

If three projects have NPV’s of $10,000, $14,000, and $16,000, these figures 
show the magnitudes of the increase in shareholders’ wealth if the respective 
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investments are accepted. On the other hand, if these same projects have IRR’s 
of 40% 30%, and 25% and Pi’s of 1.68, 1.22, and 1.53, respectively, we have no 
idea which of the three will lead to the greatest increase in shareholders’ wealth 
by looking at their IRR’s and Pi’s. In fact, as has been illustrated in many 
examples m this chapter, the increase in shareholders’ wealth can be the opposite 
of the rankings indicated by either the IRR or PI criterion. In an informative 
and hard-hitting article, Keane points out: 


The internal rate of return, therefore, is invalid not because of any implicit 
reinvestment assumption or because of the possibility of producing multiple 
yields, but simply because a rate of return expressed in percentage terms is 
inappropriate for discriminating between projects of different sizes. All but 
identical projects have different sizes whatever their initial outlays or expected 
lives may suggest, and although the rate of return method might appear at 
times to give correct investment advice, it is never in fact correct in principle. 9 

Wcmgartncr als ° has a number of uncomplimentary things to say about the 
profitability index. He demonstrates that given a size disparity between two 
mutually exclusive projects, there will be a conflict between NPV and PI 
whenever 


h'2 C<2 

where ^=net present value of project j 
Cj — cost of project j 

Assume that b ] > b 2 , which means that the NPV criterion prefers project 1 
Under the condition specified above, the PI will rank project 2 higher than 1 
which is in conflict with NPV. This can be seen by nodng that since all the b’ s’ 
and c ’s are positive, the following inequality exists. 



The relationship between the Pi’s is as follows: 


To obtain this expression, we simply added unity to both sides of the inequality 
In such circumstances, as Weingartner points out, 11 the PI criterion “would lead 
to selection of the project with the lower net present value which would make a lower 
contribution to the wealth of the owners of the firm ” [emphasis added]. Finally 
Weingartner concludes his article by stating: 


Our examples of mutually exclusive alternatives reinforce the conclusion that PI 
does not provide aid in the choice among such alternatives. In two examples, 

J. M. Keane, “Let’s Scrap IRR Once and For All!,” Accountancy (February 1974) pp 78-82 

H. Martin Weingartner, “The Excess Present Value Index-A Theoretical Basis and Critique,” 
Journal of Accounting Research (Autumn 1963), pp. 213-224. 4 

11 Ibid., p. 220. 
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ranking by means of PI and by IRR led to the same incorrect choice. In the third 
example, these rankings were different, and the PI criterion resulted in the 
wrong choice. In all these instances, the NPV criterion and Fisher's rate of return yield 
similar answers which are correct in the absence of capital rationing or more 
complex interrelationships between investments [emphasis added]. 

To conclude this section, the next example demonstrates in another way that 
utilizing the NPV criterion will lead to wealth maximization even when NPV 
conflicts with IRR and PI in the ranking of mutually exclusive projects. Irving 
Fisher was probably the first to use rigorously the type of analysis called upon in 
the demonstration, hence it is referred to as Fisherian analysis. 

□ EXAMPLE 6 Inability of IRR and PI to Maximize Shareholders' Wealth 
(Second Revisit) 

A firm with a cost of capital of 10% has a current wealth position of $250,000. The 
accompanying graph shows combinations of consumption this year and consumption next 
year that can be obtained given the firm’s current wealth position, the cost of capital (or 
market rate of interest), and the assumptions of equal borrowing and lending rates. Notice 
that one possible consumption pattern would be $250,000 this year and $0 next year; 
another would be $0 this year and $275,000 next year [$275,000 would be available for 
consumption next year since the $250,000 could be invested at the market rate of interest 
10%—$275,000 = $250,000(1.10)]. Consider that the firm has determined its desired 
consumption pattern and that is to consume $150,000 this year and $110,000 next year. 



12 Ibid., p. 224. 
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Notice, of course, that this consumption pattern, as is true for all others on the line has a 

vea^of M U’T <USmg ^ market disCount rate of 10% ) and a future value next 
year ot I he firm is evaluating two mutually exclusive projects: 


Year 

/ 

II 

0 

-$40,000 

-$ 80,000 

1 

+ 80,000 

+ 150,000 

NPV 10% 

$32,727 

$ 56,364 

PI 10% 

1.82 

1.70 

IRR 

100% 

87.5% 


Both PI and IRR rank project I above project II, whereas NPV reverses this order. 

. ‘ ng a gra f h Slmilar to the one shown above, demonstrate that project II if 
accepted by the firm, will place the firm in a superior wealth position than if project I 

scsiti s npv 


Solution■ The graph showing the original wealth position, that achieved by accept- 

s^JTn t 1 ?h be « d ^ t nd achleved bg accepting project II (labeled II), is as 
shown. Note in the figure that the lines for projects I and II are determined geometrically 
by two points. (1) the point found by first moving horizontally to the left along the line 
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$110,000 of consumption next year in the amount of the investment for each project and 
then moving vertically upward in the amount of the cash inflow in period , and (2) t e 
point on the horizontal axis at $250,000 (the firm’s original current wealth position) plus 

the NPV of the project. . . , 

The wealth position of the firm (in terms of current dollars) ^‘er accepting either 
project I or project II is equal to the firm’s current level of wealth ($250,000) plus the 
NPV of either project. Thus, as we can clearly see, the wealth position of the firm a e 
accepting project II dominates the wealth position of the firm if project I were accepted. The 
exhibit shows that the wealth line of project II is above and to the right of that of project 
I; therefore, the firm with project II can achieve any level of current and future 
consumption that could be achieved by accepting project I and still have wealth left over A 
quantification of the level of the dominance in current wealth position is the “ the 

NPV’s of the two projects—% 23,630 (NPV for project II is $56,360 minus the NPV for 
nroiect I = $32,730). This difference shows the amount by which the firm is wealthier by 
following the NPV criterion rather than either PI or IRR. That is if the firm used either 
PI or IRR, shareholders’ wealth would be decreased by $23,630 compared with the 

selection of projects using the superior NPV criterion. . . , 

Hence, the direct link between the NPV criterion and shareholder-wealth maximization has 
been established using yet another type of analysis (two-period Fisherian analysis) e 
selection of the project or projects that maximize NPV will lead to shareholder-wealth 
maximization. This is obviously not the case for either PI or IRR. 

In addition to the points discussed above, Example 6 demonstrates the 
inferiority of the basic rationale behind PI and IRR. We have discussed that 
these models rank projects using a relative criterion. These two relative evaluation 
techniques use the rate of change in the firm’s wealth position (IRR) or e 
number of dollars of DCI per dollar of DCO (PI) to rank projects. Unfor¬ 
tunately though, both of these relative ranking techniques totally ignore the 
number of dollars invested in competing projects and, more importantly, the resulting absolute 
change in the firm’s wealth position after accepting either of the alternatives, h is nice to 
have a rapid rate of change in wealth or a high number of dollars of DCI per 
dollar of DCO, but neither of these characteristics buys shareholders 
anything—only wealth can do that! Therefore since the 18 ^ in § ® 

maximize shareholders’ wealth position, we strongly recommend that the NPV 
criterion be used because it is the only model capable of helping the firm achieve 
this goal; both IRR and PI should be abandoned because they totally ignore 
shareholders’ wealth. 


SUMMARY 


The several examples included in our analysis should convince even the 
skeptical reader that the NPV criterion is clearly superior m maximizing 

shareholders’wealth to either the IRR or PI criterion 

In the following chapter, we demonstrate how the NPV model is rich 
enough to handle the evaluation of mutually exclusive projects under a wide 
variety of conditions. We call solely upon the NPV model to select the preferred 
project from a mutually exclusive set because only this model leads to share- 
holder-wealth maximization. 
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QUESTIONS/RROBLEMS 

. . — "" — —•— . .., -*. 


Z 


3 . 


9 . 


1. Briefly discuss the difference between relative and absolute capital budgeting evalua¬ 
tion techniques. Classify NPV, PI, and IRR. B B 

Discuss the general assumption that discounted cash flow (DCF) models make 

“prand lRR m“ * ^ What d ° 

Name two major reasons why the DCF models can conflict when ranking mutually 

be^n e NPV eCt H PT° U d ^ ° f thCSe reaS ° nS be 3X1 ex P lanati °” for a conflict 
between NPV and PI in ranking mutually exclusive projects? Discuss 

4. Uive four verbal definitions for the internal rate of return 

5. Where does the word internal in IRR come from? Is there any difference between a 
projects IRR and its true compounded annual rate of return? Discuss 

** * “ " «*-* —* 

7. True or false: There will always be a conflict between NPV and IRR for two 
mutually exclusive projects with NPV profiles with a Fisher’s intersection. Justify 

? m !iT C: V ° b u Serv ! n S the . NPV P rofil( =s for two mutually exclusive projects we 
can determine whether there will be a conflict between NPV and PI Justify 

shown'in^Example'ff qUeSti ° nS ^ ^ ““ tW °- per! ° d Fish -ian analysis 

(a) The original wealth position of the firm is 250 units of this year’s consumption 
and 0 units of next year s consumption or 0 units of this year’s consumption and 
275 umts of next year s consumption; this means that the market rate of interest 
is 10% and any other market rate of interest would lead to a different amount 
available for next year’s consumption. 

(b) The desired consumption pattern of 150 this year and 110 next year has a present 
value of 250 units, which is also true of all other points on the line 

C an NPV of e 306 fr ° m graPh ’ Pr ° jeCt 1 an NPV ° f 283, while project 11 has 
(d) The wealth position of the firm after accepting project II dominates that after 
accepting project I because the firm could throw away 23 units of current 
consumption if it had accepted project II and still be as well off as if it had 
accepted project I. 

Given these two projects, NPV and PI do conflict in their rankings because NPV 
prefers project II, while PI prefers project I. 

In this type of analysis, the only time when PI could lead to an inferior wealth 
position in comparing mutually exclusive projects would be when a size disparitv 
exists between the projects. 1 y 

Similarly, in this type of analysis, the only time that IRR could lead to an 
inferior wealth position would be when a size disparity exists between the projects. 

In this type of analysis, neither IRR nor PI can distinguish between different size 
investments because they are relative measures of project attractiveness. 

IN either IRR nor PI has anything in particular to do with maximizing wealth 
position because they are both relative measures that ignore the absolute magni¬ 
tude of the wealth generated by an investment. 

A project with a negative NPV would be rejected by this type of analysis because 
the wealth line after accepting the investment would be lower and to the left of 
the current wealth line, which means that the former would be dominated 
in this type of analysis, the terminal value criterion would give rankings that are 
always consistent with the NPV criterion. 8 


(e) 

(0 

(g) 

(h) 

(i) 

(j) 

(k) 
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JO Two of the most widely used methods of evaluating capital investment projects are 
* the net present value (NPV) technique and the internal rate of return (IRR) method. 
When two or more mutually exclusive investments are being evaluated, conflicts can 
arise between the rankings given the projects by NPV and IRR. The questions below 
point to potential difficulties that can arise. 

Consider the following two mutually exclusive investment proposals, which are 

graphed below: 



Project A 


Discounted at: 


Year 

jyet casn 

Flows 

6% 

15.5% 

28.5% 

0 

-$100 




1 

+ 30 

$28.29 

$25.95 

$23.34 

2 

+ 30 

26.70 

22.50 

18.18 

3 

+ 70 

58.80 

45.36 

32.97 

4 

+ 70 

55.44 

39.34 

25.69 



$169.23 

$133.15 

$100.18 



Project B 






Discounted at: 



Net Cash 




Year 

Flows 

6% 

15.5% 

34% 

0 

-$100 




1 

+ 60 

$56.58 

$51.90 

$44.82 

2 

+ 60 

53.40 

45.00 

33.42 

3 

+ 30 

25.20 

19.44 

12-48 

4 

+ 30 

23.76 

16.86 

9.30 



$158.94 

$133.20 

$100.02 


13 The two projects used in this problem originally appeared in an example in R. Conrad Doenges 
“The ‘Reinvestment Problem’ in A Practical Perspective,” Financial Management (Spring 1972), pp 

85-91. 
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(a) The project whose discounted-cash-flow pattern is shown by the curve intersect¬ 
ing the axes at points 1 and 5 is: 

A. Project A 

B. Project B 

(b) The dollar value that point 1 on the graph equals is- 

A. $169.23 

B. $158.94 

C. $200.00 

D. $100.00 

E. $69.23 

(c) The dollar value that point 2 on the graph equals is- 

A. $158.94 

B. $169.23 
G. $58.94 

D. $180.00 

E. $80.00 

(d) The discount rate that point 5 on the graph equals is: 

A. 0% 

B. 6% 

G. 15.5% 

D. 28.5% 

E. 34% 

’ *” d 8 - 

B. $169.23 and $158.94 

C. $100 and $80 

D. $69.23 and $58.94 

E. None of the above 

(0 discount^rates^ Criteri ° n ’ Pr ° jeCt B WOuld be P ref «Ted to project A for all 

A. Greater than 0% 

B. Less than 6% 

C. Less than 15.5% 

D. Greater than 15.5% 

E. Less than 28.5% 

^ ^ S1 g| the NPV cnterlon ’ onl y one project would be acceptable at the following rate: 

B. 15.5% 

G. 28.5% 

D. 32% 

E. 40% 

(h) Using the IRR criterion, project A would be preferable to project B when the 

discount rate is: c 

A. Greater than 0% 

B. Greater than 15.5% 

C. Less than 15.5% 

D. Greater than 28.5% 

E. None of the above 

(i) There would be a conflict between the rankings of the two projects using NPV vs 

IKK when the discount rate is: 5 

A. Greater than 0% 

B. Greater than 6% 

G. Less than 15.5% 

D. Greater than 15.5% 

E. None of the above 
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(j) Using the IRR criterion, project B would be preferable to project A when the 
discount rate is: 

A. Greater than 0% 

B. Greater than 6% 

C. Less than 15.5% 

D. Greater than 15.5% 

E. Greater than 28.5% , ( A 

(k) At a discount rate of 32%, there would be a conflict between the preferred 

investment using NPV vs. IRR: 

A. True 

(l) At a discount rate of 40%, there would be a conflict between the preferred 
investment using NPV vs. IRR: 

A. True 

B. False 

(m) The value for point 9 on the graph would equal 

a ~ 100 + 30 + 30 + -Z5- 1 _ -——-, where r = #4 

(i+r)° (1+r) 1 0+0 2 ( 1+ 0 3 ( 1+r ) 4 

— 100 , 60 + 60 ^_—-1- ——-, where r = #4 

(1 + r)° (l + r) 1 (l+r) 2 ( 1+r ) 3 ( 1+r ) 

C. Expression A, where r will equate it to zero 

D. Expression B, where r will equate it to zero 

E. Both A and B 

F. None of the above , 

(n) Referring to question (m), the value for point 4 on the graph will be 

A. The value of r that will equate expression A with that of B 

B. The value of r that will equate expression A to zero 

C. The value of r that will equate expression B to zero 
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D. Both B and C 

E. None of the above . 

Show that if NPV’s reinvestment assumption is met (i.e., the reinvestment rate i 
equals the firm’s required rate of return k\ then Equation (2) in this chapter is 

equivalent to Equation (1) in Chapter 5. a . ( 

12. For the two projects shown in Examples 3 and 4, show that the cash-flow series for 
project I modified as discussed and illustrated in Example 4 will c °ntmue to dominate 
project II for required rates of return of 20%, 30%, 40 %’ 45 J°’ a ^^ % r h 

Consider two firms that have required rates of return of 60% and 70%. Compute * he 
NPV for both project I and project II shown in Examples 3 and 4 using a 60,c and a 
70% required rate of return. For both of these rates, demonstrate that project II will 
dominate project I modified using the approach illustrated in Example 4. 

For the two projects shown in Example 3, the NPV criterion will prefer project I at 
low and moderate discount rates, whereas project II has a higher IRR than project: I. 
Discuss what project characteristics would lead the NPV model to prefer projec 
and why this is the case based on the way this model evaluates projects. Similarly 
discuss the project characteristics that would lead the IRR model to prefer project I 
and why this is the case based on the way this model evaluates projects. 

15. Part (a) of the solution to Example 4 shows that project I modified dominated projec 
II in the amount of $5,860 (rounded) in cash-flow terms at the end of year L What is 
the relationship of this amount to the NPV’s of the two projects? 
the present value of $5,860 using a 16% discount rate; next determine the NPV of 
each project using a 16% discount rate). 
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14. 
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16. For the two projects shown in Examples 3 and 4, show that project I still dominates 
project II if the firm has the opportunity to invest $30,000 at the end of year 1 and a 
l? an k earin g interest at 16% can be obtained in conjunction with either project 

17 . For the two projects shown in Examples 3 and 4, show that project I no longer 
dominates project II if a firm must pay 60% to obtain the $20,000 desired at the end 
of year 1 (if project I is accepted). 

18 . For the conditions described in Problem 17, show why project II dominates project I 
plus the loan in the amount of the answer to Problem 17. 

19 . For the two projects shown in Example 1 , discuss the conditions under which each of 
the following occurs. 

(a) The true rate of return [as computed by Equation (3)] on project A will be exactly 
equal to the true rate of return on project B. 

(b) The true rate of return on project A will be greater than the true rate of return on 
project B. 

(c) The true rate of return on project A will be less than the true rate of return on 
project B. 

20. Based on your discussion in problem 19, demonstrate by using terminal value 
[Equation (1)] that shareholders would: (a) be indifferent between projects A and B 
under the condition you specify in part (a) of your answer to Problem 19; (b) prefer 
project A to project B under the condition you specify in part (b) of your answer to 
Problem 19; and (c) prefer project B to project A under the condition you specify in 
part (c) of your answer to Problem 19. 

21. Based on projects A and B in Example 1, is the 20% return on project B the true 
guaranteed rate of return, but is the 20% return on project A not guaranteed and is 
the true rate of return dependent upon the reinvestment rate which can be earned on 
the cash flows that take place at the end of years 1, 2, and 3? Discuss. 
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CApiTAl BudqETiNq 
foR MutuaIIy ExclusivE Projects 


In Chapter 6, we demonstrated the superiority of the NPV criterion over the 
other DCF approaches, IRR and PI. In the current chapter, we illustrate how 
the NPV model effectively handles the evaluation of mutually exclusive projects. 
In addition, we demonstrate the enrichment of the NPV model to handle 
changing required rates of return in the future as well as changing reinvestment 
rates. 


ELABORATIONS OF THE BASIC NPV MODEL 


Chapter 5 introduces the basic NPV model, which assumes that the firnys 
required rate of return remains constant over the project’s life. We reintroduce 
this model as Equation (1): 


NPV = £ 

< = o 


S t 

(1 + k) 1 


n A 

- £ ——— 
; = o (l + k) 1 


( 1 ) 


where 5,= the cash inflow in period t 
,4, = the cash outflow in period t 
n = the useful life of the project 
k = the firm’s required rate of return 

Of course, the NPV model does not encounter any major difficulty if the 
firm estimates that its required rate of return will change in future years. In fact, 
the straightforward elaboration of Equation (1) merely calls upon the_geometric 
sum to determine the a ppropriate discount facto r. Equation (2) determines the 
NPV for a project under the assumption^fhaf - the firm will have a changing 
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required rate of return: 

n 

NPV = £ 


1-0 




" A 

,=0 na+A, 


( 2 ) 


no 

>-> j- i 

where k ; = the firm’s required rate of return in period j 

The perceptrve reader has already suspected that Equation (1) is a special 
case of Equation (2). And this is the case. If all the values of k are equal 

Equation (2) reduces to the simpler Equation ( 1 ). M ’ 

As discussed in Chapter 6, both Equations (1) and (2) make the implicit 
assumption that the reinvestment rate (i) will equal or be a close approximation 
for the firm s required rate of return (*). If the firm’s reinvestment rate is not 
approximately equal to its required.rate of return, then the NPV model’s 
calculations are based upon an erroneous assumption. The greater the de¬ 
viation of the reinvestment rate from the firm’s required rate of return the 
greater the error that the basic NPV model makes in evaluating ihe attract¬ 
iveness of a given project. ■ ■■ ■ - 

In order to overcome the error that the basic NPV model makes when i does 
not equal t we must call upon the tsaaffiaUsdue^ calculation introduced 
in Chapter 6. Recall that the TV calculation shows the total value of a project’s 
cash inflows under the assumption that they are reinvested to earn a specific 

Equation?!) W<: KpvaX thc TSLjSJodd here for convenience as 

TV-£$(1+/)■-' (3) 

t = 0 

Equation (3) determines TV under the assumption that the reinvestment rate (i) 
remains constant over the life of the project. 

‘ S , C ° mpUted usin S Equation (3), a modified NPV value (which 
we call NPV ) can be computed using Equation (4): 

TV " _A l __ 

(i + 0" hy + ky (4) 

Two characteristics should be noted about Equation (4). First we call 
equation (4) a modified NPV model (NPV*) because we are no longer assuming 
that the reinvestment rate equals the firm’s required rate of return, as in 
Equations (1) and (2). In Equation (4), we are assuming the project’s cash 
inflows can be reinvested at the annual rate of return i and the firm’s required 
rate of return is k. Second, Equation (4) assumes the firm’s required rate of 
return remains constant over the life of the project. 

n As , we saw above > E is a straightforward extension of the NPV model to 
allow the required rate of return to change over the life of the project. Applying 
the same methodology to Equation (4) that we did to Equation (1) in order to 

arrive at Equation (2), we see that: 

TV ” a 

NPV* = — —-L -7—- (5 ) 


NPV* = 


no+o 


t =o 


n (i+ y) 
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Equation (5) determines the modified NPV value (NPV*) under the assumption 
that the firm’s required rate of return changes over the life of the project. 
Further—along the same lines as our earlier discussion about the relationship 
between Equations (1) and (2)-Equation (4) is just a special case of Equation 
(5) under the assumption that the firm’s required rate of return is constant over 

thC Ely! !he calculation of TV in Equation (3) makes the assumption that 
the reinvestment rate (i) remains constant over the project’s life Of course, this 
reinvestment rate could very well change over time. Under such conditions, a 
project’s TV is computed using Equation (6): 


TV = L ^ 

t =o 


n (i+o) 

j= t +i 


( 6 ) 


where i -is the reinvestment rate that can be earned in period j. The compound¬ 
ing process shown by the geometric sum begins in period t + 1 because we are 
making the usual assumption that the cash flows S ( occur at the end of P er * od ’ 
Hence, each cash inflow can be reinvested starting in period t + 1. It should also 
be mentioned that Equation (6) reduces to Equation (3) if the reinvestment rate 

remains constant over the project’s life. 

Once TV has been computed using Equation (6), the modified NPV value 
can be computed using: (1) Equation (4), if the firm’s required rate of return 
remains constant over the project’s life; or (2) Equation (5), if the required rate 

of return changes over time. , ,i n mu 

With these elaborations of the basic NPV model, we can handle all possible 

conditions relative to the firm’s expected future required rate of return, as well as 
its expected reinvestment rate. Although these values of k and i present forecast¬ 
ing difficulties, we must address the prospect that such values are not very like y 
to remain constant at their current levels over project lives of 5 10, or 20 years 
The NPV and NPV* models presented can be applied to the evaluation o 
independent projects, as well as to sets of mutually exclusive projects. The 
evaluation of independent projects requires only^ a f P ° f the C'l™ 

rule: The project is a candidate for acceptance if NPV (or NPV ) is greater tha 
or equal to zero because projects satisfying this condition will increase share¬ 
holders’ wealth. The ranking of mutually exclusive projects using NPV and 
NPV* is the task of the next section. 


EVALUATING MUTUALLY EXCLUSIVE PROJECTS 

So that we can correctly evaluate mutually exclusive projects in order to 
select the one that will maximize shareholders’ wealth, there are three major 
questions to be addressed. Over the lives of the mutually exclusive projects: 

1. Is the firm’s reinvestment rate (i) expected to differ significantly from the 

firm’s required rate of return (£)? . , r 

2. Is the reinvestment rate (i) expected to change over the projects lives or is 

it expected to remain constant ? 
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nrnif;,iV he firm ’ S ^ ° f return <*> ex P ected to ***& over the 

projects lives or is it expected to remain constant ? 

Depending on the answers to these three questions, the firm can select the 
approbate version of the NPV model in order to choose the preferred prmecl 
from a mutually exclusive set of projects. ^ J 

In addition to these three questions, we have the preliminary question 
concerning whether the firm is subject to capital rationing or not. IfThe firm is 
subject to capital rationing, then all feasible portfolios of capital projects must be 

any oT the ln fi° rd > er l ° *r'‘ maximizin g NPV or NPV* without violating 

any of the firm s resource limitations. Mathematical programming techniques 

provide an efficient mechanism by which feasible portfolios are evaluated Ve 
2?!,nd I 28 lematlC ^gromming approaches to capital budgeting in Chapters 

If capital rationing does not exist, then each set of mutually exclusive 
projects can be evaluated on its own merit. Where firms have conditions of no 

IfctsilfsTk be I d Y u edSi0n iS WhiGh Pr ° ject in each mutu aHy 

exclusive set is best and whether it has a positive NPV or NPV* All the h«t 

projects with positive NPV or NPV* values should be undertaken in order to 
maximize shareholders’ wealth. 

the IT" 1 ~} Pre jT S a fl ? W Chart ’ Which ^ ides the firm in the selection of 
the appropriate model to evaluate mutually exclusive projects. 

, . , S Can be f een ’. the first question that must be answered in the flow chart is 

the thr!e CaP ratIOnmg “'f 5 ' ° nce this question is handled, we next address 
the three major questions about the equality of i and k and whether each 

remains constant or changes over time. The appropriate version " olrect 
model to use (NPV or NPV*), as well as the choice of how TV is clputed 
depends upon the answers to these three major questions. Thus, the flow chart 

rrevaL P g re condffionr P ° f EqUati ° m “H 6 ), depending on 

Figure 7-1 is a general tool, which can be used to rank mutually exclusive 

Each of to 1 CX A blt any - ° fthe three types ° f dis P arit 'es-i^, time or Useful life. 
Each of these disparities imposes different difficulties on the proiect-nmking 

process, however the flow chart properly handles the difficulties by Selecting the 
appropriate model. In the next three sections, we apply the flow chart to 
mutually exclusive sets of projects that possess each of these 7 disparities. 


Projects With A Size Disparity 

A size disparity is exhibited in a set of mutually exclusive projects if a 
difference exists in the original cash outflow required by the projects Such 
projects are comparable and can be handled with the techniques presented in 

posed ffi P FhLe S 7°n ^lT Pltal rat , ioning doeS not exist («•. the first question 
posed m Figure 7-1). Where capital rationing does not exist, the firm can obtain 

any amount of capital funds at the same cost of capital. Thus, differences in cash 

ou ays between (or among) mutually exclusive projects are irrelevant (because 

the firm can obtain sufficient funds to accept all attractive investments) and the 
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under Conditions of Unchanging Risk 


FIGURE 7-1 Flow Chart for Ranking Mutually Exclusive Projects 
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one that generates the greatest increase in shareholders’ wealth should be 

SclCClCQ. 

Consider the two projects shown in Example 1. 


□ EXAMPLE 1 Ranking Two Mutually Exclusive Investments Which 
Exhibit a Size Disparity 
Alpha Company is evaluating two projects: 


Characteristic 

* 

Y 

Original 



investment 
Annual cash 

$240,000 

$180,000 

inflows 

80,000 

62,000 

Useful life 

6 years 

6 years 


Given its 16% required rate of return, these values are computed by Alpha to rank 
the two projects: y 


Criterion 

npv 16% 

PI 16% 

IRR 


X 

$54,779 

1.23 

24% 


Y 

$48,454 

1.27 

26% 


NPV A !ers a s C m Pan a S T e pp th & “ the rankin ® of these projects using 

NPV versus PI and IRR. The firm determines the discount rate at which Fisher’s 

ro“Kgur C eT2 and ^ / = 2 ° % ' A *** ° f * he NPV profile for each P"** is 

Alpha Company estimates that its cost of capital will be closely approximated by the 

feek V fh Ttb rat * e ‘i 1S f b e f '° ^ ° Ve1 ’ Cach ° f * he next 10 years - In Edition, the firm 
feels that the actual value for i and k would remain constant over the lives of projects X 

u 1 o U d range f , r ° m a 0W of I2% *° a hi § h of 18% - Using Figures 7-1 and 7-2 

help Alpha Company select the correct project. ’ 

NPV 5 modersh Referrin # *° w ? see that A1 P ha Company should use the basic 

NPV model shown in Equation (1) to rank projects X and Y because * = k and both will 

remain constant over the lives of these two projects. Using Equation (1), the NPV of each 
project at each of the rates in the range 12% to 18% is: 

_ 12 % 13 % 14% 15% 16% 17% 18% 

NPV of ~~ ' ‘ ! " 1 ' " H - • • ' 

Project 

NPV of 888,913 $79 ’ 804 871,093 162,759 $54,779 $47,135 $39,808 

Project 

V 74,907 67,848 61,097 54,638 48,454 42,529 36 851 
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We see that project X dominates project Y over the entire range 12% to 18%. The 
excess of NPV for project X over that for project Y is greater at the lower rates in the 
ranee Notice also that the NPV’s computed in the table correspond to the NPV profile 
for each project shown in Figure 7-2. The NPV profiles are relevant or exact for only one 
branch shown in Figure 7-1-the branch where i = k and where they do not change over the Iwes of 
the projects. These are the conditions that Alpha Company estimates will prevail for the 
two projects in question. Therefore, we can use Figure 7-2 or the given table to ran 

^ThiA giVeJthe estimated future conditions, Alpha Company should select project X 
rather than project Y because the NPV of project X exceeds that of project Y for all rates 
between 12% and 18%. The shareholders of Alpha Company will be wealthier in the 
amount of the difference between the two NPV’s if the firm selects project X rather than 
project Y. This is true even though project Y has a higher IRR. In addition, as Figure 7 2 
shows, project X continues to dominate project Y for all values of i-k less than 20%. At 
rates in excess of Fisher’s intersection, the preferred project shifts to project Y because at 


FIGURE 7-2 NPV Profiles for Projects X and Y 


240 


210 P 


180 



Discount Rates 
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such rates for * and k, project Y has a greater NPV. This again shows the importance of 
exclusivepr"" "* Utlhty ” performin S Sensitivit V ana1 ^ » ranking mutually 

- f T f he ranki ". g . of the . two Projects in Example 1 was straightforward because 
e future conditions estimated by the firm enabled us to rank the projects using 
the basic NPV model. The firm could very well have envisioned a series of event! 
that necessitated the computation of TV and NPV* in order to rank the projects 

sider^xampte'^ 0 Pr ° PCrly ' ^ 3 SUghtly COm P lex P roblem settin S> c °n- 


□ EXAMPLE 2 A Size Disparity with Changing Cost of Capital and 
Reinvestment Rates 

th, t^ Pha Compan 7 wa o te to rank the two projects under evaluation in Example 1 for 
the following conditions. First, the company estimates that i will equal k over the lives of 
he two projects. Second rather than remaining constant at 16%, these two values (i and 
i) are estimated to be 16% for the first 2 years, 18% for the next 2 years, and 21% for the 

ast 2 years of the projects lives. Help Alpha Company select the correct evaluation 
technique and then rank projects X and Y. evaluation 

Solution: Using Figure 7-1, we see that NPV computed with Equation (2) is 
appropriate where i -1 and the values are changing over time. Thus, for project X: 


NPV , 


E 

f = 0 


4 


no**,-) ^no+o 


$80,000 , 80,000 
— 1 1C - + —’—~ + 

116 (1.16) 

. 80,000 


;= i 

80,000 


(1.16) 2 (1.18) 

- $240,000 


80,000 


(1.16) 2 (1.18) 2 


+ 


80,000 


(1.16) (1.18) 2 (1.21) 


(1.16) 2 (1.18) 2 (1.21) 2 

8 $68,966 + 59,453 + 50,384 + 42,698 
=$45,952 


35,288 + 29,163 - $240,000 


This calculation is slightly more involved than the one in Example 1. Here, even with a 
constant cash inflow over the project’s life, the discount factors for each year must be 
computed rather than found in tables of annuity discount factors. As we would expect the 

f$54 77°91 P Thts Ct r X ($45 f 952) 1S ll f s than that of Exam P le 1 with a constant 16% rate 
he firm’s 7 1 f“ ult , occurs because the P ro J ect contributes less to the value of the firm as 
the firm s cost of funds increases to 18% and 21% over the project’s life 
For project Y: 

___ , 62,000 

Y -— 


NPVx, - $62 ’ 000 + 62,000 


L16 (1.16) 
62,000 


(1.16) 2 (1.18) 

62,000 


■ + 


62,000 


(1.16) (1.18) 2 (1 16) 2 (l.l8) 2 (l.2l) ' (1.16) 2 (1.18) 2 (1.21) 2 

= $53,448 + 46,076 + 39,048 + 33,091 + 27,348 + 22,602 - $180 000 
=$41,613 


$180,000 
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Given these calculations, we see that Alpha Company should rank project X first 
and project Y second. The difference of $4,339 in the NPV values again shows the 
amount by which the shareholders benefit by accepting project X rather than the project 
with the higher IRR (project Y). 


Projects With A Time Disparity 

In addition to projects with differences in the original cash outflows, firms 
often encounter projects with the same cash outflow but differing patterns of cas 
inflows. In this latter case, the projects are called mutually exclusive projects that 
exhibit a time disparity . In order to rank such projects, we again use Figure /-I to 
arrive at the appropriate model. 


□ EXAMPLE 3 Ranking Projects With A Time Disparity and Unequal (But 
Constant Over Time) Values of i and k 
Delta Company is evaluating Projects A and B: 



Project A 

Project B 

Cash outflow 
Cash inflows 

$70,000 

$70,000 

50,000 

Year 1 

10,000 

2 

20,000 

40,000 

3 

30,000 

20,000 

4 

45,000 

10,000 

5 

60,000 

10,000 

Delta Company has a cost of capital of 14% 

and has computed the NPV, PI, and 

IRR for the two projects: 



Criterion 

Project A 

Project B 

npv 14% 

$32,219 

$29,252 

FI 14% 

IRR 

1.46 

27.2% 

1.42 

37.6% 


Over the coming 5 years, Delta Company estimates that its cost of capital will 
remain constant at 14%, but that its reinvestment rate will be 20%. Recall that all three 
models cited earlier would be in error relative to the reinvestment rate that Delta expects 
to experience. In particular, the NPV and PI assume that the cash inflows of each project 
will be reinvested at 14%, while the IRR model assumes that the cash inflows of project A 
can be reinvested at 27.2% while those of B can be reinvested at 37.6% 

Provide assistance to Delta Company in selecting the right model and in ranking 

projects A and B. 


Solution: Referring to Figure 7-1, we see that if i # 
over the lives of the projects, we should use Equation (3) 
project and Equation (4) to compute the NPV*. 


k and both i and k are constant 
and compute the TV for each 
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The terminal value calculations would be as follows: 

TVa-E$(1+0"~' 


= $ 10 , 000 ( 1 . 20) 51 + 20 , 000 ( 1 . 20) 5-2 
+ 30,000( 1.20) 5 “ 3 + 45,000( 1.20) 5 “ 4 
+ 60,000(1.20) 5 '" 5 

This terminal value can either be computed directly or through the use of compound 
interest factors from column one on the 20% page in Appendix B, 

TV a = $10,000(2.0736) + 20,000(1.7280) + 30,000(1.44) 

+ 45,000(1.20) 4-$60,000 
= $212,496 

For project B: 

TV b = $50,000(2.0736) + 40,000(1.7280) + 20,000(1.44) 

+ 10 , 000 ( 1 . 20 )+ $ 10,000 

= $223,600 


Ranking the projects, we find: 

NPV* 


(1 +*)" 
. $212,496 

" 0 . 14) 5 

= $40,364 
_ $223,600 
(1.14) 5 
= $46,131 


$70,000 


$70,000 


_ TTVl ^ see that Delta Company should prefer project B to project A since 
• $46,131 is greater than NPV* A = $40,364. Given that the firm can reinvest 

cash inflows at 20% over the next 5 years, project B will result in a net increase in the 
value of the firm of $46,131, while project A will yield a net increase of only $40,364 
(both these figures are based on the firm’s cost of capital being 14% over the next 5 years). 

□ 


In Example 3, we assumed that, although i±k, both values remained 
constant over the lives of the two projects. The more usual case is when both 
values vary in the future depending on economic conditions, the level of interest 
rates, the competitive environment faced by the firm, and the like. Figure 7-1 
and Equations (1)~(6), on which Example 3 is based, provide substantial 
flexibility in the treatment of changing values for i and k, as well as the 
performance of sensitivity analysis. The next example illustrates this flexibility. 
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□ EXAMPLE 4 Time Disparity with Changing Cost of Capital and 
Reinvestment Rates 

Gamma Company is evaluating two mutually exclusive projects: 

/ n D 


-$ 1 , 000,000 

+ 300,000 

+ 700,000 

+ 1,500,000 


-$ 1 , 000,000 
+ 600,000 
+ 700,000 

+ 1 , 000,000 


Gamma estimates that these values for i and k will prevail during each of the next 3 
years: 

t k. i t 


12 % 

13% 

14% 


15% 

18% 

20 % 


Using Figure 7-1, rank projects C and D for Gamma Company. 

Solution: From Figure 7-1, we see that if i^k, and both i and k vary over the 
project lives, we should utilize Equation (6) to compute the TV of each project and then 
rank the projects using Equation (5) for NPV*. 

Equation 6 is: 


TV- Z s , 


1 = 0 


n o+i, 

j^t+i 


Note again that the compounding process starts in the year following each cash inflow 
(S t ) because such flows take place at the end of each year t. Thus, in the given table of i- 
and lvalues, the value for i { = 15% is extraneous information because the earliest that 
cash flows can be reinvested is during year 2, when i 2 = 18%. 

We find: 

TV C = $300,000(1.18)(l .20) + 700,000(1.20) + $1,500,000 
= $2,764,800 

TV d = $600,000(1.18) (1.20) + 700,000(1.20) + $1,000,000 
= $2,689,600 

We next determine the NPV*: 

TV C 

NPV* C = ;-- 

n 0 + *,) 

7 = 1 


-At 


$2,764,800 


(1.12)(1.13)(1.14) 
= $916,295 

$2,689,600 

" D ~ (1.12)(1.13)(1.14) 
= $864,174 


$1,000,000 


$1,000,000 
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than , project D 

project C will increase shareholders’ wealth by $52,121 more than JilfprojectD. 116 

had 'vt haVC dea1 ,- W ' th thC treatment of mutually exclusive projects that have 
had either a size disparity or a time disparity. The ranking of such projects has 
been illustrated under a variety of conditions relative to the firm’s required rate 
o return or cost of capital) and the estimated reinvestment rate. The final type 
of disparity is that of unequal useful lives. This type of disparity combines the 
rst two, m that projects with unequal lives usually require different cash 
outflows and have varying cash-inflow patterns. q " 


Projects With Unequal Useful Lives 

It is sometimes argued that projects with unequal useful lives are inherently 

is °rtT rab e be< i? USe they , 1 f Ve different durations of cash flows. Our position 
that projects with unequal lives are comparable as long as the firm evaluating 
such projects can adequately address the critical question: What will take place at 
the end of the shorter-lived project? It can generally be assumed that at the end^of the 
shorter-hved project one of two types of reinvestment will occur: (1) The asset 

will he re . P aC ® d W1 f h arlother Possessing simila r c haracteristics; or (2) the funds 
wifl be remvested dsewhere by the firm at a specified reinvestment rate. 

It the type of reinvestment can be pinpointed, we can rank mutually 

oufl. U ned e P F- eCtS T^' HveS by calIin 8 u pon the familiar approach 
,n ,o u,iii "- 

Ftrst, we must compare the projects with a common termination date. This date 

ruled outV If Z d the u l0n ^- lmd Project (if project abandonment s 

ruled out). If we assume that each project is replaced by another with similar 

characteristics, then the period over which the two replacement chains— the series 
of replacements of each asset by another of similar characteristics-must te 

atThTend offl? Tf TT" ™ ltiple .°f' the lwes °f the tw ° ^ets. If we assume that 
at the end of the life of the shorter-lived asset the funds are reinvested elsewhere 

,h ' n •“ -» >* 

the fir“ n p d a ’, t h he magnkude ° f the funds mailable for reinvestment elsewhere in 
e firm each year must be incorporated into the analysis through the TV 
calculahon. This analysis will be demonstrated in Example 5 § 

Third, as we see in Figure 7-1, we must address three questions in order to 

f2) P What a k ih fi C ° Um T h fl0WS: {1) What is the firm ’ s reinvestment rate? 
(2), What is the firm’s cost of capital? (3) Will each of these values change over 

We illustrate the application of this methodology in Example 5 which calls 
upon two projects originally cited by Solomon. 1 P ’ S 

no C ^(Aprillgsex 124-129 thmetiC ^ Budgeting Decisions ’” The Journal of Business, vol. 29, 
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□ EXAMPLE 5 The Evaluation of Replacement Chains for Two Assets 

Mew Company is evaluating two projects: 

Project 

# Cr " H 


-$ 10,000 
+ 12,000 
0 
0 
0 


-$ 10,000 

0 

0 

0 

+ 17,490 


Mew computes these evaluation criteria based on its cost of capital of 12%: 


Project 


Criterion 


H 


NPV 12% 

PI 12% 

IRR 


$714 

1.07 

20 % 


$1,115 

1.11 

15% 


Based on the above analysis, it appears as though project H is more attractive on an 
NPV and a PI basis, and project G is more attractive using the IRR criterion. 

However this analysis ignores what takes place at the end of the life of project G. 
is rather inequitable to compare project G, which has a 1-year life, with project H, whlc 
has a 4-year^life; no consideration is given to the fact that the funds generated at the end 
of year 1 by project G can be reinvested until the end of year 4 (i.e., the end of project H 

llfe) When confronted with the above challenge, Mew states that if project G is imple¬ 
mented it will be replaced each year for four years with a similar machine by thesame 
manufacturer In addition, Mew states that excess cash flows generated by project G can 
be reinvested to earn 14% during year 2, 15% during year 3, and 16% during year 4. 
Rank these two projects using the appropriate models. 

Solution: Project H is unaffected by any of the factors given earlier since it is the 
longer-lived project and has no intermediate cash inflows. Thus, the terminal value of 

nroiect H is $17,490 and its NPV* = $1,115. 

J On the other hand, in order to analyze project G we must perform three steps. ( ) 
determine the net cash flows when considering the annual replacements; (2) ^ eterml ^ t ^ 
TV given the reinvestment of the net cash flows at the relevant rates stated above, a ( ) 

compute NPV* based on the firm’s cost of capital. 

P In order to determine the net cash flows for project G, this table is helpful. 


Time 



Replication of Project G 


Overall Net 

1 

2 

3 

4 

Cash Flow 

-$10,000 
+ 12,000 

-$10,000 
+ 12,000 

-$10,000 
+ 12,000 

-10,000 
+ 12,000 

-$10,000 
+ 2,000 

+ 2,000 

+ 2,000 

+ 12,000 





Chapter 7: Capital Budgeting for Mutually Exclusive Projects 


95 


In order to determine the terminal value of project G, we utilize the overall net cash 
flows generated by project G and the estimated reinvestment rates. We do this as follows: 

tv g=x>, ri (i+« ; . 

t—o 

= $2,000(l.l4)(l.l5)(l.l6) 

+ 2,000(1.15)(1.16) + 2,000(1.16) + 12,000 
= $20,030 

Finally, we compute NPV* for project G: 

TV g 


NPV : 


-A. 


$10,000 


_ $20,030 
( 1 . 12) 4 
= $2,729 

Therefore, we see that NPV* G - $2,729 and NPV* H = $1,115. Clearly, the succes¬ 
sive replacements of project G over four years dominates the performance of project H 

Mew Company should select project G. D 


Example 5 illustrates the treatment of unequal project lives, wherein it is 
assumed that the shorter-lived project is replaced at the end of its life with an 
asset with the same cost and benefits as the original asset. 

The recommended methodology encounters no difficulties in handling any 
other pattern of costs and benefits associated with the replications of the 
shorter-lived project. In times of high rates of inflation, it is unlikely that future 
project-related costs and benefits will remain unchanged. Although we treat the 
prob em of inflation in depth in Chapter 9, at this point it is sufficient to state the 
simple rule that one way to handle inflation is to discount the inflated costs and 
benefits at a rate that also incorporates the impact of inflation on the firm’s cost 
of capital. Example 6 demonstrates how unequal, useful-lived projects are 
handled to incorporate the effects of inflation. 


□ EXAMPLE 6 The Evaluation of Replacement Chains with Inflation 
Factored In 

The Sigma Company is evaluating two projects: 

J_ J _ K 

~0 ~$40,000 -$54,000 

1 + 30,000 + 25,000 

2 + 33,000 + 27,750 

3 + 30,802 

Sigma needs the use of this type of asset for at least the next 6 years (which happens 
to be the least common multiple of the lives of these two assets); thus, each asset will be 
replaced with a similar one from the same manufacturer at the end of its life. 
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Sigma has observed purchase prices of these two assets over the last decade_Project J 
has had price increases that average 12% compounded annually, while project K has had 
compounded annual price increases of 14%. Sigma expects these trends to continue over 

the next 6 years. . 

In addition to the differing effects of inflation on the purchase prices of these two 
assets, inflation impacts the operating costs—and thus the cash inflows—of the two assets 
differently. Sigma estimates (as shown in the table given earlier) that the cash inflows for 
project J will grow at 10% compounded annually, while project K’s cash inflows will grow 
at 11% compounded annually. Again, this pattern is expected to continue over the next 6 

y Finally, Sigma estimates that its cost of capital after the impact of inflation and its 
reinvestment rates over the next 6 years will be as follows: 


t 

h 

k t 

1 

18% 

12% 

2 

12% 

13% 

3 

15% 

14% 

4 

17% 

16% 

5 

20% 

17% 

6 

22% 

19% 


Use Figure 7-1 to help Sigma rank projects J and K. 

Solution: We begin the analysis by preparing a table for each project that de¬ 
termines the overall net cash flow given the necessary number of replications in order to 
cover 6 years. Such a table was also prepared in Example 5. 

For Project J: 


t 

__ 

1 

2 

3 

4 

5 

6 

For Project 



Replication of Project J 


Overall Net 

1 

2 

3 

Cash Flow 

-$40,000 
+ 30,000 
4 - 33,000 

-$50,176 


-$40,000 

4- 30,000 
- 17,176 

+ 36,300 
+ 39,930 

-$62,941 

4- 36,300 
- 23,011 


4- 43,923 

4- 48,315 

+ 43,923 
+ 48,315 

K: 


Replication of Project K 

Overall Net 

t 

1 2 

Cash Flow 


0 -$54,000 -$54,000 

1 + 25,000 + 25,000 

2 4- 27,750 + 27,750 

3 4- 30,802 -$80,003 - 49,201 

4 + 34,191 + 34,191 

5 4- 37,952 + 37,952 

6 + 42,126 + 42,126 


Using the final column in each of these tables, we can now compute the terminal 
value at the end of year 6. Referring to Figure 7-1, we see that Equation (6) should be 
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used to compute these TV values due to the changing reinvestment rates over the next 6 
years In addition, recall that only the cash inflows will be compounded out in the TV 
calculation. Once computed, the TV will be used in Equation (5) for NPV* 

For Project J: 

tv ,=x:J n (i+o 


lj=t+i J 

~ $30,000(1.12)(l ,15)(l .17) (1.2)(l .22) 

4- 36,300(1.17)(l .2)(1.22) + 43,923(1.22) 
+ 48,315 

= $66,186 + 62,178 + 53,586 + 48,315 
=$230,265 


For Project K: 


n (i+«» 

/=o lj=t+i J 

= $25, 000(1.12)(1. 15)(1,17)(l ,20)(l.22) 

+ 27,750(1.15)(1.17)(1.20)(1.22) 

+ 34,191 (1.20) (1.22) + 37,952(1.22) + 42,126 

“ $55,155 + 54,662 + 50,056 + 46,301 + 42,126 
= $248,300 

Fn, J !na %, WC ready COn |P ute NPV * fOT «*h project. Figure 7-1 indicates that 

Equation (5) is appropriate based on the changing ^-values over the next 6 years. 


n 0+*,) '“’no+o 

Notice that both projects will require discounting the cash outflows using the second term 
on the right-hand s.de of the above equation—namely, any cash outflows shown in the 
table prepared for each project in the overall net cashflow column beyond year 0 must be 
discounted back to time zero. 

Npv * _ $230,265 _ 

J (1.12)(1.13)(1.14)(1.16)(1.17)(1.19)"“ 40,000 
17.176 23,011 

(1-12)(l.13) (1.12)(1.13)(1.14)(1.16) 

= $98,818- 67,321 
= $31,497 

NPV * = $248,300 

K (1-12)(1.13)(1.14)(1.16)(1.17)(1.19) “ 54,000 

_ 49,201 

(1 -12)(1 -13)(1.14) 

= $106,558 - 88,101 
= $18,457 
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Thus, we see that project J is significantly more attractive to Sigma than is project K, 
based on the NPV* values. The analysis that led to this conclusion has incorporated the 
effects of inflation, the sequence of replacements necessary to have 6 years of service from 
each asset, the varying reinvestment rates over time, and Sigma Company s changing cost 
of capital with inflation reflected. 


The approach illustrated in Example 6 provides an appropriate methodol¬ 
ogy for ranking projects with unequal lives as long as the assumption that each 
project will be replaced by one of similar profitability until a common horizon 
date is valid. If this is not the case, we need to know the best estimate for the rate 
at which cash flows from each project can be reinvested up to a common horizon 
date (usually the end of the useful life of the longer-lived project). Given this 
estimate (which could vary from year to year), we can call upon the techniques 
of the previous section and find the terminal value (TV) and NPV*. As shown in 
Figure 7-1 the latter approach should be implemented any time that projects 
with unequal lives are analyzed and the reinvestment rate differs from the cost of 
capital. 


□ EXAMPLE 7 Unequal Useful Lives with Differing Reinvestment Rates 

The Tan Company, with a present cost of capital of 14%, is evaluating two mutually 
exclusive projects, which have different useful lives. 


0 

-$10,000 

-$12,000 

1 

+ 5,506 

+ 4,991 

2 

+ 5,506 

+ 4,991 

3 

+ 5,506 

+ 4,991 

4 

+ 4,991 

IRR 

30% 

24% 

npv 14% 

$ 2,783 

$ 2,542 

El 14% 

1.278 

1.212 


Given the reinvestment assumptions of the models above, project P dominates project Q. 
However, management feels that during the next 4 years there will be changes in business 
conditions, which will result in the reinvestment rates and costs of capital shown in the 
following table: 


_J_ it _ k i 

1 6% 14% 

2 8 % 10 % 

3 9% 10% 

4 10 % 10 % 

Rank the two projects for Tan Company under the assumption that the cash inflows 
for each project will be reinvested at the rates shown above and that neither project will 
be replaced at the end of its life. Recall that a common terminal horizon (i.e., the life of 
the longer project) must be used to evaluate the projects. 
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for efch'projec^ 6 ' 1 °" RgUre 7_1, USe Equation (6 > t0 com P ute th « terminal value 


TV= y . s , 


1-0 


n (i+t,) 

j-i+i 


TV P - $5,506.27 [ (1.08) (1.09) (1.10) ] 

+ 5,506.27[(1.09)(1.10)] +5,506,27(1.10) 

- $7,130.18 + 6,602.02 + 6,056.92 
= $19,789.10 

TV q = $4,991.11[(1.08)(1.09)(1.10)] 

+ 4,991.11[(1.09)(1.10)] + 4,991.11(1.10) 
+ 4,991.11 

- $6,463.09 + 5,984.34 + 5,490.22 + 4,991.11 
= $22,928.76 

Finally, we rank the two projects with NPV* using Equation (5): 


NPV* 


NPV' 


TV 




n(i+*>) ‘-° no+*,) 

j-i j-i 

$19,789.10 


P (1.14)(1.10)(1.10)(1.10) ® 10 > 000 
= $3,04 1.97 

NPVV = 


_$22,928.76 

Q (l ■ 14)( 1.10)( 1.10)(1.10) _ 812,000 


= $3,111.16 

attractive 'thaVproject ° n ““ fOT ‘‘ ^ Q is sIi ^tly mom 


This concludes our examination of mutually exclusive projects. We have 
shown how Figure 7-1 provides the financial analyst with the proper model to 
ran any set of mutually exclusive projects under any conditions relative to costs 
ot capital and reinvestment rates. 


SUMMARY 


Preceding sections focus on the complications frequently encountered in 
practice when the financial manager grapples with formulation of the firm’s 
capital budget. The issues presented really represent a set of alert signals 
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suggesting further investigation. The financial manager should show caution 
whenever the following situations arise: 


1. The projects analyzed are different in size. 

2. The projects have different life spans. 

3. The cash-flow patterns (increasing, decreasing, or uniform) vary from 

one project to the next. , u 

4. The company’s future reinvestment opportunities are expected to chang 

significantly from the present set of investment options. 

5. The firm’s marginal cost of capital is expected to rise significantly over 

time. . . , , , 

6 . There exist capital and/or labor constraints on the budget. 

Under any of the above circumstances, the mechanical application of 
ranking techniques without regard to the underlying assumptions can trap the 
financial manager into manifestly wrong decisions. Therefore, we present Figure 
7-1 to provide a framework for the correct analysis and ranking of mutually 
exclusive projects. The approach of Figure 7-1 is couched in NPV and NPV 
terms because of the uniquely consistent superiority of this approach in maximizing 

shareholders’ wealth . . , . . . • ^ _ 

The financial manager will devise the capital budget to maximize the 

present value of the firm; this suggests the acceptance of new capital projects as 
fong as the project shows a positive NPV or NPV*. The preferred capital budget 
is that combination of projects which maximizes total NPV or NPV The 
admonition holds even if the firm must resort to new financing to absorb all 
viable projects. In reality, new financing may not be feasible for several reasons, 
such as delays entailed in marketing new securities, problems of corporate 
control created by new stockholders, and restrictive provisions in bond inden- 

tures. 

More important perhaps than the limits imposed by financing arrangements 
is the ability of the firm to digest new projects due to labor bottlenecks and 
scarce management talent. A capital budget is not simply an exercise in applied 
finance but comprises a host of technological and managerial problems. Conse¬ 
quently, for a variety of reasons, the firm may be pragmatically stopped from 
accepting more than a restricted number of projects in a given time period or 

over a longer span. . . • , , . , u 

What principle should guide the preparation of a capital budget in the 
presence of such constraints? Within the limits imposed by the constraint.. the 
firm should select that combination of projects which maximizes the NPV oi 
the budget. To accomplish the objective, management might have to look 
beyond the present fiscal period to a longer planning horizon. These 
problems—the need to allocate resources to projects over several fiscal periods, 
limited financial and managerial resources, and technological uncertainties be- 
come critically important in constructing a capital budget and modify the strict 
adherence to the NPV criterion also implied by Figure 7-1. The problem of 
maximizing NPV subject to such stated constraints is best described and resolved 
by mathematical programming techniques discussed in Chapters 20 and 21. 
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QUESTIONS/PROBLEMS 


1. Discuss four aspects of the capital budgeting problem setting that must be addressed 

5 SiscusTth t the ap P r °P riate to rank mutually exclusive prq'ects 

?, , T char , actenstlcs of capital projects and the firm that wm special 

W ^ en ma * cin g capital investment decisions P 

^mh^theendrfrTf 1 ^ 'T’ " hat ^ the tW ° ma -i or -1‘^natives that the 
nrm has at the end of the life of the shorter project? How is each of these alternatives 

treated in ranking mutually exclusive projects with unequal lives? 
L'ua^orZ'theNPr * z7 r t he ° f ^ * W ° mutuall y exdusive P^s under 

how wouTd’ Z be doZ P ‘° rank ‘ he Pr ° jeCtS? Why ° r Why not? If »• 

Can NPV profiles be drawn when the firm feels that either i or k or both will change 
over the projects’ lives? Why or why not? change 

ho“ond P Z a s Ch ^ thE trCatment ° f ^ inVeS ‘ mem CTaluation und er infia- 
7. The following two mutually exclusive projects are under evaluation: 


4. 


5. 


6 , 


Year 

Project A 

Project B 

Present 

-$25,000 

-$25,000 

1 

10,000 

0 

2 

10,000 

5,000 

3 

10,000 

10,000 

4 

10,000 

30,000 


(a) 

(b) 

(c) 

(d) 

(e) 


Determi" 6 ,‘lT °/ Pr ° jeC * S A ^ B The firm ’ s cost of “pital is 10%. 

Determine the IRR of projects A and B. 

What is the reinvestment rate assumed under IRR? 

and^T^ reaS ° nS f ° r thC C ° nfliCt in ranking ,hese two P ro J ects b f NPV 

Assume that the firm estimates that its cost of capital will remain at 10% but that 
the reinvestment rates faced over the next 4 years will be: 


* «/ 

1 10 % 

2 12 % 

3 14% 

4 16% 


Rank the two projects. 

8. XYZ Company is evaluating the following two mutually exclusive projects: 


Y _ Project A 

Present ~ $20,000 

1 5,000 

2 9,000 

3 16,000 


Project B 

-$ 20,000 

17,000 

5,000 

5,000 


Over the coming 3 years, the firm estimates that the following reinvestment rates and 
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costs of capital will be encountered: 


10 % 

14% 

18% 


12 % 

13% 

16% 


Rank these two projects using the appropriate methodology. s ,- 

9 The Rinky Dink Rickshaw Transport Company has a capital budget of $15,0tXJ. 
There are two alternative projects in which the entire sum may be invested: Graffih 
Remover and a Roach Zapper. Each project has an initial cost of $15,000 and an 
estimated life of 4 years. The Roach Zapper trill produce greater m 

project life, owing to the tenacious quality of Rickshaw roaches and the difficulty in 
extermination. The Graffiti Remover will produce greater returns at the beginning o 
the project, because the machine will become less efficient as it gets older. 


Roach Zapper 


Graffiti Remover 


Year 


Cash Flows 


Year 


$15,000 

3,500 

5,000 

6,000 

8,000 


C ash Flows 
— $15,000 
8,000 
6,500 
4,000 
2,000 


Rinky Dink’s cost of capital is 14% and the reinvestment rate is 17%. Rank these two 
projects using the appropriate methodology. 

10. Mrs. Surekill, the administrator of Savelife Hospital, a small general-care hospita 
the Appalachian Mountains, is in a quandary. She has alleviated all her capital 
budgeting problems for the coming fiscal year except for the electrocardiology a 

stress-testing departments. . ,• 

EKG is an established department, which prefers to buy a new electrocardio¬ 
graph machine every 4 years. They have two machines at ,P“. , The m ”T; S ‘ 
machine has been the primary machine for the past 4 years, with the older machine 
used as backup. Most of the income from a new machine, if purchased, would be m 

1116 ^Stress^Testing, on the other hand, is a new department that wants a treadmill 
device used to measure stress on the cardiovascular system. Since it is a new 
department, not yet in operation, it is estimated that its income would be low initially, 
bu? would increase as the availability of the new test became known to the house staff 

and was accepted by them. ( , 

The following table illustrates the expected after-tax cash flows by year for the 

two machines, each of which would cost $10,000. 


Year 

EKG 

Stress Test 

Present 

-$10,000 

-$10,000 

1 

4,000 

1,000 

2 

4,000 

1,000 

3 

4,000 

1,000 

4 

4,000 

3,000 

5 

1,000 

3,000 

6 

1,000 

3,000 

7 

1,000 

7,000 

8 

1,000 

7,000 
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a " inc , reasin S reinvestment rate over the coming 8 yearn starting at 
12% and increasing by 2% per year. The hospital’s cost of capitals 18% tin 

11 M^T n M°K t f« t | t ° Ver * he neX ‘ 1 ° TT Rank * hese two P r °j ec ^ f or Mrs. Surekill 

U. Mr. I. M. Kool a manager at the NoSweat Air Conditioning Company is faced with 
the prospect of having to replace one of the large machine! usedTtihe nW T 
mac mes currently on the market will perform the job satisfactorily—the Hi-Grade 
and Superior machines. The expected after-tax cash flows for each Machine are: 


Year 


Hi-Grade 


Year 


$60,000 

15,000 

16,500 

20,000 

20,000 

20,000 

20,000 


Superior 


$80,000 

24,000 

24,000 

20,000 

20,000 

18,000 

18,000 


Jrojeft™ 15 C ° St ° f CaP “ al 18 16% ‘ tS reinvestmen t rate is 20%. Rank the two 
12. The Waltzer Company is evaluating the following two mutually exclusive projects: 


Time 


Project A 


Project B 


-$ 20,000 
+ 5,000 
+ 8,000 
+ 10,000 
+ 20,000 


-$ 20,000 
+ 16,000 
+ 10,000 
+ 5,000 

+ 5,000 


13. 


(a) ?!f ed onl y on observation, which project would you expect IRR to prefer? 
Which project would you expect NPV to prefer? Assuming? - k = 15% P 

(b) Compute the IRR and NPV of projects A and B. 

} project^preferred? * ***** “ d ' 2% ° Ver the Ilfe ^ P-ject. Which 

For the two projects under evaluation by the Waltzer Company in Prohlem 12 
assume the following changes in i and k over the life of the project!: b 2 ’ 

_f_ h k t 


20 % 

15% 

10 % 

5% 


25% 

20 % 

15% 

10 % 


Which project is preferred? Show your work 
• in probiem i2 < 


1 _ ki_ 

1 25% 

2 20 % 

3 15% 

4 10% 


Which project is preferable? 
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15 For the two projects under evaluation by the Waltzer Company in Problem 12 
' assume k - 18% over the life of the project, but i vanes as follows: 


20 % 

15% 

10 % 

5% 


Which project is preferred? . ,, 19 

16. For the two projects under evaluation by the Waltzer Company m Problem 12, 
assume the following changes in i and k over the life of the project. 

t i, 


20 % 

15% 

10 % 

5% 


20 % 

15% 

10 % 

5% 


17. 


^ PhQly'Bils's^f^nts to add to its fleet to improve its service. It has a choice 
of two models: 

Model O 3-year life, cost of $26,000, and cash inflow of $12,000 per year. 

Model P: 4-year life, cost of $38,000, and cash inflows of $19,000 per year. 

Assume that each bus will be replaced at the end of its life by a model with the same 
cost tdTuture benefits. Assume further that Philly’s cos, of capital is 14% and ,ts 

tczz; ...«..—° 

’ increase by 12% per year, while model P will increase by 10% per year. In addition, 
assume thlt the tenefits of model O are $12,000 in the first year and increase at 8% 
each year thereafter. Benefits of model P are $19,000 in the firs,A-r an^increase a 
11 % each vear thereafter. The firm’s reinvestment rate remains at 18%, but its cost 
capital starts at 14% and increases by 1% each year thereafter. Rank the two projects 
under these new conditions reflecting inflationary effects. 

19 Edna Finn, rertaurateur de premier classe, has $10,000 to -ert m round lot 
ourchases of French red wine She may buy $10,000 shipments of freshly bolt led 
Bordeaux or Beaujolais. Beaujolais matures quickly and must be consumed within the 
first several years of bottling. Bordeaux takes a longer time to mature and its value is 
great" Tn latar years. Th! cash flows resulting from the two mutually exclusive 
purchases and subsequent sale are as follows: 


Year 


Beaujolais 


Bordeaux 


0 

-$10,000 

-$10,000 

1 

8,000 

0 

2 

5,000 

0 

3 

3,000 

0 

4 

2,000 

0 

5 

1,000 

0 

6 

1,000 

0 

7 


7,000 

8 


7,000 

9 


11,000 

10 


11,000 

11 


18,000 

12 


18,000 
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I-fi e f e ? S a reinvestment rate of 10% in the first 3 years, 12% in years 

, and 14% for the duration of the Bordeaux. Cost of capital is expected to be 12% 
for 6 years and 15% for the last 6 years. Rank the two projects 

20 ' two P[°J ect * in Example 1 and for the values 12% 15% and 

Prl S , Y W: aS to f qUa ‘T (3)1 - f °7 r0jeCt X “ “ *an ihe TV fo r 

NPV* for oroiect Y ITh MP v* Sm f Equatlon ^ for P ro J ect x is greater than the 

i^g thlrwhen - / and th ^ ^ ^ NPV for each ^monstrat- 

g mat when i-k and these values remain constant, Equation (1) is fust a 

simplification of Equations (3) and (4)J 4 ^ Just 

21. Show the following: 

(a) Equation (1) will result when all k are equal in Equation (2). 

(b) Equation (2) results when i 3 = k in Equation (5). 

(c) Equation (1) results when i = k in Equation (4). 




Cost of CApiTAl 


The four discounted-cash-flow procedures used to evaluate alternative invest¬ 
ments (internal rate of return, net present value, P r ° fitablllty . in ^^ n ^ a r n pt " rn 
capital charge) all measure cash flows ^ - 

(hurdle rate) to determine their acceptability. This hurdle rate was referred to 
ZSEartfftK: firm’s cost of capital, and as noted in our^discussion . 3 { risk y si 
the actual hurdle rate applied may be the cost of capital adjusted o compemau 
for project risk differing from that of the normal risk complexion of the 
what exactly is the cost of capital and how do we go about determining it T e 
are the questions that will be addressed in this chapter. This will necessitate a 
examination of the general problem of managing the financial structure and 

V!llU We shall confront the problems initially utilizing traditional methodology. 
Later (in Chapter 17), we examine the capital asset pricing model and discuss an 
alternative procedure for calculating the firm’s cost of capital utilizing this 

model. 


CONVENTIONAL WISDOM 

The cost of capital refers to the rates of return expected by those parties 
contributing to the financial structure: preferred and common shareholders as 
well as creditors. It represents the cost of funds used to acquire the total assets o 
the firm. Thus, it is generally calculated as a weighted average of the costs 
associated with each type of capital included in the financial structure of e 
enterprise. Several factors merit additional comment and examination. 
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the fine ,el,„ve to ...il.bk, dmi, inoeament,. Since the rS S Zl < 

rsi:" »* «“• * •»«&*** 

2. Since the firm’s capital cost is the security holders’ income the met n f 

n.« p », c, .r,^ 

at™, price, the price trill chop ,he?Ld 

si" r« ,e y,d,k “ k -"“lls 

r .™ C n0te that we have ex P ressed the concept of the cost of 

capital in three different ways. But there is an underlying commonality- the firm 

must manage «s assets and select capital projects withffie goafoTItaiTing™ 
yield a.t least sufficient to cover its cost of eanital Tf if foil * +i_* i • • 

= he. price i« ««, JnStSSi " ‘ 

rHSSHHSi*^ 

prS) S COmm “ e Wkh “ve-or expectations (i.e., cover there^edZ 

As a final note, a firm does not calculate the cost of capital and cost it on 
the company bulletin board. Nor does the firm calculate Ay picking uo the 

debt' Tt^o P f° rt ' R f h t F ’ ” “ 9 dynamk CmCept: a s y nthem °f &e cosl If new Equity and 
debt \ t conforms to the margmal cost of each; a weighted average cost forlhe next 

dollar of capital apportioned between debt and equity securities. Capital budget 
ing deals with future cash flows and calculates yields (or internal rates of return") 
on the next dollar of invested capital. The cost of capital stresses the cost of Z 
dollar based upon market expectations. The theoi^ of marginal cost pricing 

inteTl t efo T^ he u aCC ? tanCe ° f P r °i ects to *e point of equality tetleen Z 
interna 1 rate and the hurdle rate based upon the cost of capital 

bala^ e o d fTeTlM e ^ u Ca ? tal thuS far has assumed ^me optimum 
( ,, . . ^ nancia l mix, but the question is yet to be addressed Tht* 

o owing section examines those factors which affect the financial structure and 
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indicates how we may go about selecting a financial structure. But again it is 
important to note that the firm’s optimum financial structure is not fixed, but 

dynamic. 


FINANCIAL STRUCTURE 

The firm manages assets and selects capital projects to secure the maximum 
return appropriate to the level of acceptable risk. Conversely it manages the 
financial structure to minimize the cost of capital (i.e., to obtain the lowest 
average cost of capital). Assuming that both business risk and financial 
risk*influence the weighted-average cost of capital, the introduction of debt 
the financial structure up to some point lowers the weighted-average cost, 
capital has cost advantages: 

/. Owing to higher priority in the order of payment, the interest of debt is 

normally lower than the other types of capital. deduction so that 

o Unlike payments to equity, interest qualifies as a tax deduction so mat 

pontn of P *« charges burn. b, U„* Sam. T,x dreta.bil,,, reduce, 

,h ' ™<1 in ,he price level, ind.*. make, deb, 

cheaper in^eal if ,he rate of increare in the pr.ee level e»«ed, ,he 

anticipated inflation rate at the time of floatation. 

Therefore in managing the financial structure, the firm strives to achieve 

capital ts me y capital structure (i.e., debt/equity ratio) it is 

Sren, financi,! mixer. 

with the lowest cost. This procedure is demonstrated in Table 8 1. 

In this table the optimum financial structure is shown to consist of equal 
portions of debt and equity. In reality, the proportions vary from industry to 
industry based upon debt capacity and the variability of net-operating ‘^orn^ 
Therefore in accepting a capital project, the manager should assess not only the 
NPV of the project but how it affects the variability of net operatmg income an 
whether it enhances or detracts from the debt capacity of the firm 

Before we enter into the discussion of those calculations required to compute 
the fil’s c^st of capital, we briefly discuss the impact of debt on the variability 

of earnings. 
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Debt and Variability of Earnings 

Two kinds of risk influence the variability of earnings after taxes: business 
and financial. These two types of risk warrant further attention in terms of 

0 Per S“" d J”S£ to ^/'variability of no, oporatin* income, or 

before interest and taxes (EBIT). It is measured by the degree of operating leverage 
IDOL) Operating leverage arises from the mix of fixed and variable costs in the 
manufacturing and administrative design of the firm. All things equal the 
degree of operating leverage typically increases with the relative importance of 
fixed costs in total costs. Bear in mind: net operating income constitutes the funds 
available for distribution to creditors, stockholders, and tax, Col l^‘°” ol ^“ r The 
point the income statement describes the division among the shareholders. The 
degree of operating leverage at an output Q may be determined using Equation 

( 1 ): 

Q(P- vc) _ % ch ange in EBIT 


DOL n / p _ \ _ pQ % change in output and sales 


( 1 ) 


where P~ unit price 

vc = variable cost per unit 
FC = total fixed costs 


Financial risk relates the variability of earnings after taxes (EAT) to the way he 
firm is financed, the debt equity ratio. Variability tends to mcreaseas the 
proportion of fixed interest charges rises. The degree of financial leverage (D ) 
measures financial risk and may be found using Equation (2). 

EBIT % ch ange in EPS or EAT 


DFL = 


m 1 __ 


Tvnrrr 


Whe H^^r^SUage measures? DOL and DEL are mulfipliers 
describing the effects of a percentage change m sales or operating income on t 
bottom fine. For example, assuming a linear relationship between sales and 
variable costs and a constant tax rate, if the DOL - ^%change ,n ^ 

would generate a 50% change in operating income. Or if the■ DFL were 3, a 1U A 
rhange in EBIT would cause a 30% change in EAT. It follows that combined 
leverage (the product of DOL and DFL) measures the effect of ^ Percentage 
change in sales on EAT. For example, in financial structure A of Table 8 2, a 

10% increase in sales (from $ 100 f 000 to ^ f 

(rounded) in both EBIT ($15,000 to $21,500) and EAT (57,500 to SI0,75C^ 

financial structure E, the same 10% increase in sales ^BT ISO 600 m $^M 
in EBIT ($15 000 to $21,500), a 67.1% increase in both EBT ($9,600 to J»lo,lUU) 
and EAT ($4*800 to $8,050). In short, adding debt to the capital structure raises 
the variability of earnings before and after taxes. Financial structure E shows 
how financial risk adds to the firm’s business risk (represented by operating 

leverage).^e shareholders may applaud leveraging. The reason is 

obvious from Table 8-2 where leveraging the financial structure has increased 



TABLE 8-2 Leverage Effects: Total Variability 

Financial Structure!) Financial Structure C Financial Structure D Financial Structure E 



Selling price (P) $1.00; Fixed operating costs (FC) $50,000; Variable costs (vc) $0.35/unit; Number of 


772 
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earnings per share from $0.75 to $4.80. As long as EPS increases in greater 
proportion than risk, the market price of the shares will rise. How far the process 
goes depends on the risk-return trade-offs of investors in assessing the prospects of 
the firm. 


A Modifying Position 

To this point, the discussion has assumed that both operating and financial 
risk influence the cost of capital. Thus, the way the company is financed-the 
debt/equity ratio—can raise or lower the cost of capital and, m turn, the marke 
value of the common shares. Not everyone shares these views. 

Some authorities look to business risk as the basic risk of the business which 
determines the cost of capital. All things equal, the cost of capital responds only 
to a change in business risk (i.e., the variability of net operating income). Ihe 
segment of the income statement after net operating income deals simply with 
“financial packaging”; it cannot alter the amount of funds available or their 
variability. The position does not deny the reality of financial risk, but instead 
holds that it is discounted solely against the common stock and does not affect 

the valuation of the firm. . , 

Both the modifying proposition and the conventional wisdom recognize that 

financial leverage affects the required yield on the common shares. The issue is 
whether a firm can lower its cost of capital by manipulating the financial 
structure; whether it can raise the market value (within limits) of the common 
shares by additions of debt to the financial structure. Probably the weight of 
practitioner opinion would answer yes, but the available research does not give a 
definitive response. The issue is of major importance in the evaluation of projects 
that involve revision of the financial structure (refunding projects or con- 
glomerate mergers). 


CALCULATING THE MARGINAL COST OF CAPITAL 

The marginal cost of capital is determined by taking a weighted average of 
the marginal costs of each of the components in the firm’s financial structure. 
Initially, we examine how the marginal costs of each of the components may be 
determined. Then we discuss the averaging process. 

Throughout our discussion of the cost of capital, we use current market 
values, as opposed to historical book values, to represent the amounts of each 
component in the financial structure. Our choice is based on the fact that the 
book values represent only historical amounts. For example, the dollar amount 
of common stock reflected on the firm’s balance sheet is not indicative of its 
current market value. Similarly, the market values of preferred stock and many 
forms of debt may change appreciably from their book values as market interest 
rates and money supplies fluctuate. 
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Common Stock Equity 

Chapter 3 develops Equation (3), which relates the firm’s cost of equity to 

Svid P enH COm T St0Ck and its dividend ’ it is assumed that the 

dividend will grow at the given rate g for the foreseeable future. 


(3) 


K e-~S~+g 
r 0 

where i^=cost of common stock equity 

A = expected dividend in the next period 
P 0 = current market price 
g = annual growth rate of the dividend 

Because the marginal cost of capital represents the amount that the firm 
must earn on the net proceeds derived from new issues, it is necessary to consider 
floatation costs. Therefore, for new issues Equation (3) is rewritten as Equation 


K D ' 

' * A(1 -F) 


+ i 


(4) 


where n K e — cost of new equity capital 

F= floatation cost expressed as a percentage of the market price 

The value AT discounts the anticipated return on new common to equal the net 
proceeds of the issue. However, once new common is issued, there is no 
distinction on the security markets between the cost of new and old common 
mffi Ca ™ ngS ° n ^ funds ralsed W th e sale of additional shares must be 
shfrelwUl dedtae. tatl ° n ^ reWard ^ " the price of the C0I “ 
A k S a " alt emative to Equation (4), the cost of common stock equity capital 

ZLhl f ° Ug V t0 COnS1S ‘ of the return on a risk-free investment such as that 
available from Treasury Notes, plus premiums to compensate for the business 
and financial risks associated with the particular investment. 


Retained Earnings 

The market value of the common stock reflects the residual value of the firm 
as perceived by the investors. As such, it encompasses the total common equity 
portion and therefore includes the firm’s retained earnings. Thus, we argue^hat 
retained earnings are not relevant to the calculation of the cost of capital since 
when using market weights, the value of the common stock includes the retained 
earnings. We are not interested in book values and rather argue that the market 

a diffeimg" eammgS “ & ^ ° f ^ ValuC ° f COmmon stock ' 0t h^ take 

After-tax profits may either be retained in the firm or distributed as cash 
dividends Retention of profits presumes the availability of sufficient investment 
opportunities (either internal or external) to make it more attractive to share- 
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holders for the firm to retain rather than distribute the earnings. Ma prt a 
matter there is generally an upper limit to the amount of earnings a firm may 
retain. This limit is predicated on the need for the firm to maintain a stable cash 

dividendpoh^ suffident interna l investment opportunities to use all the 
retained earnings, the question must be resolved as to how much return is 
required from the retained earnings. The opportunity cost from the shareholder s 
viewpoint is the dividend foregone. If the opportunity cost to investors is the 
dividend we want to determine the magnitude of that opportunity cost. Assu - 
ing that shareholders must pay taxes on the dividends (albeit at varying: rates) 
and that they desire a return on funds available for remvestment at die same 
rate they are obtaining from existing investments (namely, K t ), then Equation 
(5) provides the cost of retained earnings: 

fl = .K,(l-f,)(l-5) ^ 

where R- cost of retained earnings 
K — cost of equity capital 

T = average of all the shareholders’ marginal tax rates 
& = average brokerage fee 

It is necessary to introduce brokerage costs into Equation (5) because it is 
almost never possible to achieve a return of K, without the use of a broker. 

The cost of retained earnings is also a meaningful factor in determining th 
firm’s optimal capital structure. Its computation is principally sign.ficant for 
internal planning: choosing the proportion of new debt, new common, a 
retained earnings that will minimize the marginal cost of capita . Internally, the 
cost of ««, common will be greater than the cost of financing by retamed 
earnings, since the funds raised from the new common must earn an amount 
sufficient to cover the floatation costs plus the yield required to maintain the 
m ct rLr#»t value of the common shares. 


Cost of Preferred Stock 

Most preferred stocks are perpetual in nature, and therefore their^explicit 
costs may be viewed in the same terms as a perpetuity. However, m the same 
manner as debt preferred affects financial risk. Accordingly, the true cost of 
preferred from the perspective of the common shareholders is the rate that must 
be earned on the assets acquired through preferred financing t ° “y r the >^ d 
on the preferred plus the increased yield on the common. The cost of the firm 
outstanding preferred is simply its dividend divided by its current market price. 

K.-$ <»> 


where ^=cost of preferred stock 
D p = preferred dividend 
P = price of the preferred 
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As was the case for common stock, we must consider floatation costs for new 
issues of preferred. Thus, Equation (6) is modified as Equation (7): 




D. 


A(i-r) 


( 7 ) 


where „K p — cost of new preferred equity capital 
n jDp~ dividend on the new issue 

floatation cost expressed as a percentage of the market price 
r, — sale price of the new preferred issue 


Cost of Debt 

Firms have both short- and long-term debts, and it is therefore necessary to 
consider all forms of debt financing as input to the cost of capital. Some 
authorities argue that certain short-term obligations are “free” (non-interest- 
earing) and also that capital budgeting relates only to long-term commitments 
of invested capital. We reject that position. First, accounts payable and some 
accruals are only superficially free if the debts are discharged within a defined 
payment period. At times, firms make regular use of trade credit and choose not 
to accept the discount for prompt payment. Second, some firms consistently 
resort to commercial credit to finance current assets, and these finance charges 
must be covered by earnings just as interest on long-term debt. Third, many 
capital projects drain working capital and require additional short-term financ¬ 
ing: Fourth, the financial structure has interchangeable components. The amount 
and cost of one type of capital depends upon the proportions raised from other 
sources. The combination, in turn, shapes the firm’s financial risk and the cost of 
capital. Fifth, the accounts payable and accruals, while short-term in terms of 

financing’ ^ ^ ^ ^ thereby are a P art of the firm ’ s permanent 

The cost of debt represents an estimate of the yield required to raise 
designated amounts of short- and/or long-term financing. The firm’s commer¬ 
cial banker or investment banker would provide the estimates based on market 
conditions. The projected yield is placed on an after-tax basis. However, the total 
cost of debt involves two elements : the nominal yield based on the face amount of the securities 
issued when sold at far and the implicit cost or the yield increment on the common needed to 
maintain its market value in view of the added financial risk. Note in Table 8-1 the 
increased return required of the common as debt is added to the capital 
structure. The required return on the common increases from 10% to 16% with 
implicit cost pf debt, 6%. Thus, from the viewpoint of the equity holders , the cost of debt is 
the rate that must be earned on debt-financed assets to cover the net cost of borrowed funds and 
the incremental yield on the common stock. 

Since we have already dealt with the question of optimum structure with 
respect to amounts of debt and equity, it is necessary to examine the overall debt 
structure to ascertain the marginal cost of debt at a given point in time. We 
assume that the firm has attempted to achieve an optimum debt structure 
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consisting of varying amounts and types of long- and short-term obligations. The 
optimum structure will, of course, vary over time. The calculation of the explicit 
marginal cost of debt is demonstrated in Example 1. 


□ EXAMPLE 1 Cost of Debt 

A corporation has a debt structure shown on its balance sheet as follows: 


Accounts payable S 3,000,000 

Short-term debt 

(12% revolving credit) 2,000,000 

Accrued expenses 3,000,000 

Bonds Series A 

(5%, due in 12 years) 5,000,000 

Bonds Series B 

(8%, due in 26 years) 7,000,000 

Total $20,000,000 


Series A bonds are selling at $750, while Series B bonds are selling at $900. The 
corporation takes any available discounts for prompt payment and there is, therefore, no 
explicit cost to either the accounts payable or accrued expenses. Determine the marginal 
cost of debt. 

Solution: First, determine the market financial structure using market amounts for 
the bonds. The market structure is as follows: 


Accounts payable $ 3,000,000 

Short-term debt 

(12% revolving credit) 2,000,000 

Accrued expenses 3,000,000 

Bonds, Series A 

(5%, due in 12 years) 3,750,000 

Bonds, Series B 

(8%, due in 26 years) 6,300,000 

Total $18,050,000 


The sum disaggregates into short- and long-term debts amounting to $8,000,000 and 
$10,050,000 or 44.3% and 55.7%, respectively. 

The explicit cost of the short-term debt amounts to only $240,000, or 3% based on 
the total $8,000,000 short-term debt. This represents the marginal cost of the short-term 
component. This conclusion is based on the fact that as the firm expands in terms of 
acquiring more fixed assets, the relative amounts of accounts payable and accruals will 
remain fixed, and that since the firm is currently paying 12% on its revolving credit, 12% 

is the marginal pretax rate for revolving credit. 

The explicit cost of the long-term debt is, of course, the interest paid. But what we 
need to know is the marginal cost of the next dollar of long-term debt. This requires a 
consideration of the preference for capital gains versus ordinary income. For a person in 
the 40% marginal tax bracket (a reasonable position for a bondholder), we find t a 
Series A has a 5.63% after-tax yield to maturity while Senes B has only 5.18%. To obtain 


Use the after-tax cash inflows (i.e., 60% of the yearly interest) and adjust for capital gains 
appropriately. 
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the marginal explicit cost of long-term debt, we must find the yield to maturitv th* 
composite group of current bondholders would require for new bonds sold at oar (i / the 
coupon rate) Put another way, what yield would investor^' ^ 

amounting to 810,050,000 (the market value of the outstanding issues) to be indifferent as 
to keeping their existing portfolio or trading it for the new? indifferent as 

The current portfolio has a weighted yield determined as follows: 


Debt 


Amount 


Series A 
Series B 


Proportion 


Yield 


$ 3,750,000 
6,300,000 
$10,050,000 


0.373 

0.627 


Weighted Yield 


0.0563 

0.0518 


0.0210 

0.0325 

0.0535 


All the income from the new bonds will be ordinary income, so 5.35% is 60% of the total 

SXt 8*9% ( Cma S - “7 ^>- The reS Si 

therefore 8.9%. The marginal explicit pretax cost of the outstanding bonds is 8 9% 

The marginal explicit cost of debt is the weighted-average cost of the short- and 
long-term debt and is calculated to be 6.3%. 8 ort and 


Debt 


Short-term 

Bonds 


Amount 


$ 8,000,000 
$10,050,000 
$18,050,000 


Proportion 


0.443 

0.557 


Cost 


0.030 

0.089 


Weighted Cost 
00133 
0.0496 
0 0629 


The marginal pretax cost of debt is 0.0629. If the firm had a 50% marginal tax rate 
the after-tax cost would be 3.15% ^ tax rate, 

□ 


wnen 


floatation costs are involved, the marginal costs of the various 
components of debt are determined using Equation (8): 


K, 


_ 1(1-t) 

P(l-F) 


where K t = after-tax cost of the specific component of debt 
I— dollar amount of interest 
t = firm’s marginal tax rate 
P—sale price of the debt 

F-floatation cost as a percentage of the sale price 


( 8 ) 


Cost of Depreciation 

Depreciation provides a source of funds if the firm generates sufficient sales 
o cover the costs of production and interest. This is usually the case, and in most 
instances depreciation is an important source of funds. Depreciation may be used 
source of funds to replace plant and equipment, improve liquidity or 
returned to stockholders by means of the mechanism of stock repurchal or 
law P™’ trough dividends. Since there are a variety of uses for the fund 

o'r^'z' 1 ’ deprecia,i °"’ •»* “ "■>< i». 
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Central to the argument of the cost of funds generated through depreciation is the question 
of how the funds will be used. If the funds are not going to be used to replace Msets 
but ratherto repay debts or distributed to shareholders, the whole process of 
determining the firm’s cost of capital comes into question. The reason for 
determining the cost of capital is to use it as a benchmark m the evaluation of 
proposed capital investments. If the firm is not making capital inv “ t "? e "^ 
which includes external expansion, the important question is not how to obtain 
the cost of capital but rather how to otherwise use the funds to best increase 
shareholder wealth. This might be accomplished by means of reduction of debt 
(with concurrent reduction of interest expense and financial risk), unproving 
liquidity balances (which also reduces financial risk), distributing funds as 
dividends (which automatically increases shareholder wealth) 
stock (which should result in an increase in the market price). All the c 
enumerated above should increase shareholder wealth. . ttlP 

With respect to utilization of funds generated by means of depreciation, the 
question to be addressed is which use or combination of useswinresultinthe 
greatest increases in shareholder wealth. The question may be further expanded 
to deal with that portion of funds generated through profits but which is no 
normally distributed as dividends. In general, management "’ho cannot find 
appropriate uses for funds as investment in capital equipment and the like must 
then develop plans for using the funds in some other manner to increase 
shareholder wealth. Since this text deals with capital investment, the subject of 
alternative uses for funds will not be discussed except as a part of the topic of 

CaP1 ^um1ng°thTt e funds generated through depreciation are to be utilized as a 
part of the cfpital expenditure process, what is their cost? Since the funds 
through depreciation are a return of investment and since the investment was composed of 
fundi obtained from equity and debt, it is therefore reasonable to use the cost of capitalasthe 
cost of depreciation. If this line of reasoning is followed, it is not necessary to include 
depreciation in the calculation of the cost of capital. With respect to obtaining the cos of 
capital funds generated through depreciation may be ignored, but m making 
capital’expendftures, we should require the same return on investments made 
using funds generated by means of depreciation as we do for all other funds. 


The Marginal Cost of Capital 

The marginal cost of capital is calculated by taking a weighted average of 
the marginal costs of each component in proportion to the respective.amounts of 
each that the firm will raise. The process is demonstrated in Example l. 

O EXAMPLE 2 Marginal Cost of Capital 

A corporation plans to raise $400,000 of new capital as follows: 

Current liabilities-. $20,000 at 11% (assume no floatation or service charge) 

Long-term debt: $50,000 at 9% (floatation costs, i of 1%) 

Preferred stock B: $30,000, floatation cost (F) estimated at 2%; sold at $42 per share 

with a stated dividend of $2.50 

Common stock: $300,000, floatation cost (F) estimated at 10%, dividend $1 per 
share; market price $50 per share, anticipated growth rate of dividend, 10% 



The firm’s marginal tax rate is 50%. 
marginal cost of capital. 
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Determine the cost of each component and the 


Solution: Cost of long-term debt: 

K, = ~ 0 = $4,500(1 - 0.5) _ $2,250 

$50,000(1 -0.005) ~ $49,750 ==0,0452 

Cost of preferred: 


Ah - 


P n P p(l-F) $42(1 -0.02) $41.16 


0.0607 


Cost of new common: 


,/C = 


A(1 ~F) 


$ 1.00 


$50(1 rolo) + °' 10 “ W + 010 “ 01222 


Marginal Cost of Capital ( K mc ) 


Market 

____ V alues 

Current liabilities $ 20,000 
Long-term debt 50,000 

Preferred stock B 30,000 

New common 300,000 


$400,000 


Market 

Weights 

After- Tax 

Cost 

Weighted 
After Tax 

0.050 

0.0550 

0.00275 

0.125 

0.0452 

0.00565 

0.075 

0.0607 

0.00455 

0.750 

0.1222 

0.09165 

Marginal cost of capital 

* 0.10460 


The marginal cost of capital is approximately 10.5%. 


_Questions/problems 

l. McLaughlin Industries has a debt structure shown on its balance sheet as follows: 


Accounts payable 
Short-term debt 
(12% revolving credit) 
Accrued expenses 
Bonds, Series A 
(5%, due in 12 years) 
Bonds, Series B 
(8%, due in 26 years) 


$ 7,200,000 
4,800,000 

7,200,000 

12,000,000 

16,800,000 


ft™ Z a are f sellm S at *80, while the Series B bonds are selling at $120 The 
thTh ° f P rom P‘-P a yment discounts, so there is no explich cost to either 

the accounts payable or accrued expenses. Determine the marginal cht of h ' ta , 
assuming that the firm’s tax rate is 46% and that the tax rate for the LeragednvesCs 
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2. The Trebelhorn Growth Corporation has the following debt structure. 


Trade accounts payable 
Short-term debt (8%) 
Accrued expenses 
Bonds, Series A 

(7%, due in 15 years) 
Bonds, Series B 

(8%, due in 26 years) 


$5,000,000 

4,000,000 

3,000,000 

7,000,000 

7,000,000 


Series A bonds are presently selling for $800 and Series B bonds are P res ®" tly sel '* ng 
for $900 ^sume that dJavera/e tax bracket of the shareholders ts 40%. Further 
assume that the corporation’s marginal tax rate is 50%. 

In a stepwise sequence, calculate the following. , , . 

(a) The market financial structure using the market amounts for the bond ^ 

(b) The explicit cost of short-term debt (assume payments ma e 
period). 

(c) The marginal pretax cost of outstanding bonds, 
plant expansion. The debt structure it plans is as follows: 


Current liabilities 
Long-term debt 

Preferred stock 
Common stock 


$100,000 at 12% 

$550,000 at 9.25%, floatation 
costs 0.75% 

$350,000, floatation cost 
2.5%; sold at $35 per 
share with $1.75 dividend 
$1,000,000, floatation cost 
estimated at 10%, divi¬ 
dend $1.25 per share, 
market price $47, antic¬ 
ipated growth in divi¬ 
dend, 8% 


The firm’s marginal tax rate is 46% and the average tax rate of its shareholders is :35%. 
Determine the cost of each component and the after-tax marginal cost of capital, 
i;, T_intends to raise $6,000,000 of new capital by the following 


methods: 


Current liabilities 
Long-term debt 


Preferred stock 


Common stock 


Increase by $600,000 at 13.46% 
financing 

$1,800,000 at 7.78% finan¬ 
cing with a floatation 
cost of 9% 

$600,000 with a floatation cost 
of 15%; stock will be 
sold at $50 per share 
with a stated dividend 
of $4 

$3,000,000 with a floatation 
cost of 12%; stock will 
be sold at $50 per share; 
the expected EPS is $2.50, 
with a dividend growth 
rate of 12% 
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The corporation tax rate is 46%. 

wu termm u * he COS * °! eaCh com P° nent and calculate the marginal cost of capital 

(b) What is the marginal cost of capital if all floatation costs are reduced by one-third? 
x Apple industries, Inc. has the balance sheet shown: 


Assets 

Dec. 31, 19XX (in millions) 

Liabilities and Owner *s F.auitv 


Cash 

$ 6.0 

Accounts Payable 

tt fin 

Accounts Receivable 

8.0 

Notes Payable (8%) 

4 ? (J,\J 

2.0 

Inventory 

12.0 

Long-term Debt (9%) 

14.0 

Land 

6.0 

Preferred Stock (20,000 

Fixed Assets, Net 

14.0 

shares, par value $100) 

Common Stock (500,000 

2.0 

Other 

2.0 

$48.00 

shares outstanding, par $6.) 
Paid-in Capital 

Retained Earnings 

3.0 

5.0 

14.0 

$48.0 


6 . 


The C f 1St °4 1 ? as a L market price of $20 per share, and will pay a dividend next 
year ot »1.5U which has been growing at an annual rate of 8%. The preferred stock 
underwriting fee was 5% of the sale price on the stock ($98). It pays a $7 dividend 
Lheir average shareholder has a marginal tax rate of 30%. Shareholder brokerage fees 
average 4%. Determine the following, if Apple has a 46% marginal tax rate. 

(a) 1 he cost of Common Stock. 

(b) The cost of Preferred Stock. 

(c) The after-tax cost of Debt. 

(d) The cost of Retained Earnings. 

(e) The weighted average cost of capital. 

ABC has graphed the relationship between EPS and EBIT for the four financing plans 
as shown below: 5 H 



Answer the following: 

(a) Which plan represents all equity financing? Circle one: A B C D 

(b) ,^ at is the value ? f EBIT for which P lans C and D both give the same EPS? 
What is the EPS? 
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(c) 

(d) 

(e) 

(0 

(g) 

(h) 


Plan A yields higher values of EPS for all values of EBIT between -- 

For values of EBIT less than - plan C will result in negative EPS. 

Which plans represents the greatest use of financial leverage? Circle one: ABU 

If EBIT were expected to be $450,000 which plan would result m the highest EPS? 
Circle one: A B C D. 

The annual interest cost associated with plan C is -—— * B n 

Which plan represents the least use of financial leverage? Circle one: A B 


(i) Three of the six intersections are of little importance. They are between lines. 

circle three: AB AC AD BC BD CD. 

(j) If plan C was used and EBIT fell from $400,000 to $300,000, by how much would 

Thr^ financing plans are available to Corporation which needs $2,500,000 for 
construction of a new plant. The EBIT resulting from the new plant is expected to be 
$500 000 oer vear. Corporation is in the 46% marginal tax bracket. Money can e 


borrowed as follows: 


First: $500,000 at 16% 

Next: $500,000 at 20% 

Over: $1,000,000 at 24% 


If funds in excess of $1,000,000 are borrowed, management expects to be able to sell 
stock for $38 per share. If less than $1,000,000 is borrowed, management expects that 
it will be able to obtain $42 per share. 

The three plans for financing the plant are listed below: 


1. All equity 

2. $800,000 debt, the remainder equity 

3. $1,400,000 debt, the remainder equity 

Calculate the EPS for each of the three plans 
8. Corporation has computed various costs, as listed below. 


L Fixed costs: $70,000 

2. Unit cost of production: labor $4.00, materials $3.00 

3. Selling cost per unit: $2.00 

4. Sale price per unit: $11.00 


(a) Determine the profit at 40,000 units output. 

(b) Determine the degree of operating leverage at 40,000 units. n 

(c) Suppose the output increases by 10% to 44,000 units. Compute the profit at 44,000 
units and check your answer with part (b). 




TUe MANAqEMENT of FoRECAStiNq, 


SENsiTiviTy ANAlysis, 
ANd AdjuSTMENT foR PRiCE TRENds 


This part of the book deals with computing the cash flows that form the basis of 
capital budgeting. During the first eight chapters we assumed that the cash flows 
were given and evaluated the attractiveness of given projects. But, computing 
cash flows is probably the most critical part of the entire capital budgeting 
process; if these estimates are not accurate, then any analysis, regardless of its 
detail and sophistication, will probably lead to less than optimal decisions. 

In theory, computing cash flows is a reasonably simple and straightforward 
process consisting of two steps: 


/. Forecast the costs, sales, and expenses as they relate to a particular 
project. 

2. Include in these estimates depreciation and other tax factors, such as 
investment tax credits, and compute the after-tax cost (cash outflows) and 
revenues (cash inflows) expected to result from the implementation of the project 
over its useful life. 


As a practical matter, the first step is more difficult and more critical. We 
discuss it in this chapter. The second step (dealing with depreciation and the tax 
laws) is complicated, but can be accomplished by a good tax accountant or 
attorney. We discuss it m the following two chapters. 


‘The authors express their sincere appreciation to Dr. Oliver H. Winn, Director, Management 
ormation Systems Center, Glassboro State College, for his assistance in preparing this chapter. 
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THE ROLE OF FORECASTING IN THE CAPITAL BUDGETING PROCESS 

The entire capital budgeting process hinges on the accuracy of the forecasts 
of the cash outflows and inflows surrounding a project. Thus, it is important for 
the analyst to obtain accurate forecasts and have some measure of the reliability of 
those forecasts regardless of the fact he or she is seldom responsible for actually 
generating the forecasts. Rather, the analyst must do two things. 

L Identify all of the variables that factor into the cash flows and determine 
which of those variables are critical to the success of the project. The latter part 
of this process is called sensitivity analysis. As an example, we noted earlier that the 
sensitivity of a project’s NPV to inaccurate estimates of salvage value decreases 
rapidly as increasingly higher discount rates are used. Consequently, in periods 
of high interest rates, we should not allocate much time or other resources to 
refining the forecasts of salvage value. Rather, at the onset it is essential to identify 
those elements of a project which will have a pronounced effect on its success. These are the 
elements that warrant the allocation of resources necessary to obtain accurate 
forecasts and these are the elements that warrant close monitoring both during 
the acquisition process and after the project’s implementation. 

2 Indicate to those generating the estimates the degree of forecasting 
accuracy required and plan to analyze the design of the forecasting systems used 
to produce the estimates. 

In carrying out these two steps, the analyst must keep in mind that the 
“riskiness” surrounding any project may result from the inherent riskiness of the 
project itself , as in basic research and development (R and D), and/or from the use 
of forecasting methods that yield erroneous estimates. The replacement of an existing 
machine may turn out to be more risky than implementing an R and D project 
if the sales forecasts used to base the demand for the machine’s output are poor y 
designed and lead to exaggerated estimates of cash inflows. 

Thus, the goal of this chapter is to describe methods that may be used to 
identify those factors critical to a project’s success or failure and to indicate how 
to evaluate forecasts in terms of their probable reliability with respect to the 
project being evaluated. 


DETERMINING THE KEY VARIABLES—THE SENSITIVITY ANALYSIS 

In order to start the process of determining key variables consider Example 
1 which represents a typical industrial capital budgeting replacement decision 
including forecasts for inflation. 

□ EXAMPLE 1 Replacement Investment Decision 

A corporation is considering the acquisition of a machine with an estimated cost of 
$30 000. The machine is to replace an existing machine, which has been fully depreciated 
and is estimated to have negligible salvage value but can be used for the foreseeable 
future The new machine is expected to have a 10-year useful life. The rationale for the 
purchase of the new machine has been presented by the plant engineer, who anticipates 
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two advantages: 

I. Reduction in down-time and maintenance. Down-time for the existing machine is 
about 3 hours per week. This results in one worker sitting idle while repairs are made. It is 

40houra per'week ^ ° ff ' Sh ‘ ft mamtenance could keft P the new machine operating a full 

roann In< f eased out P ut and educed unit labor cost. Output could be increased to 

dolfars int 4% P* .u° m **“ ““l' 0 ’ 000 - while dro PP in S unit l»bor costs in current 
dollars to $1.40 from the current $2.30. 

The internal cost accountants have provided the following cost analysis for the 
output currently produced: 3 


Sales 

Cost of goods sold 
Labor 
Materials 
Utilities/fuel 
Other 

Sales expenses 
Depreciation 3 
Earnings before taxes 
Taxes (46%) 

Earnings after taxes 


Per Unit _ 

$ 10.00 


$2.30 

i < 

<1-0 

1.00 

!< 

oo 

0.80 

0 

$v- 

1.70 


.70^ 


4 

1: fG-$5.80 


- 2.80 
- 0.10 
$1.30 

- 0.60 1 *0 

$0.70 ) , 2. 


Per Year (10,000 units) 

$100,000 

$23,000 

10,000 

8,000 

17,000 

-$58,000 
- 28,000 
1,000 
$13,000 
6,000 
$ 7,000 


a Depreciation for other facilities is allocated at $0.10 per unit. 


The sales department indicates that there have been some back orders for the product and 
that they could sell 10,500 units per year now with a 4% annual increase in unit sales 
volume until the capacity volume of 12,800 units per year is reached. They expect that 
the per-unit sales expense will be the same for any additional volume sold, before 
considering the impact of inflation. 

The treasurer’s office requires a 15% after-tax hurdle rate at present for projects of 
this type, but the treasurer expects both the hurdle rate and reinvestment rates to change 
over the 10-year project life as follows: 5 


Year 


Hurdle Rate 


Present 

1 

2 

3 

4-10 


15% 

16 

15 

14 

13 


Reinvestment Rale 

16% 

16 

15 

14 


The tax manager would plan for a 10% investment tax credit 2 and would depreciate 
the machine over a 5-year life to a zero salvage value for tax purposes using the following 

^"vestment tax credit is 10% and the depreciation is based on the full cost of the 
asset. Technically, based on current tax law (see Chapters 10 and 11), the depreciable base of the 
asset wouid be the cost of the asset less one half of the investment credit or else the credit percentage 
wou d have to be reduced from 10% to 8%. This complication is ignored until the following two 
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annual percentage cost recovery: 15%, 22%, 21%, 21%, and 21%. (Note that the machine 

is expected to last 10 years.) . . a . ( .. 

The corporate economist has estimated the following average inflation rates for the 

next 10-year period: 

Jtem Ave rage Annual Increase 

Sale Price 
Labor 
Materials 
Utilities/Fuel 
Other 

Sales Expense 
Depreciation 
Taxes 


Based on the information provided, develop pro forma income and cash flow 
statements with and without the new machine for the 10-year expected life. Compute the 
project’s terminal value, net present value, and internal rate of return. 

Solution: The solution is straightforward, but requires numerous tedious calcula¬ 
tions; it is thus most appropriately solved using a computer. Pro forma profit and loss 
statements and cash-flow reports for years 1 and 10 are given, along with an income and 
cash-flow summary. On the income and cash-flow summary, the net present value was 
determined by subtracting $27,000 (purchase cost less $3,000 investment tax credit) from 
the present value of the difference in cash inflows between the new and old machines. I he 
net present value is $30,779.30, indicating that the new machine is a viable candidate and 
should be considered for acceptance. 


8 % 

7 

10 

15 

7 

8 

N/A 

N/A 


Period 

2 

3 

4 

5 

6 

7 

8 
9 

10 


Income and Cash-Flow Summary 


Without Project 

Net Income Cash Flow 


$7,020.00 

$ 8,020.00 

7,430.40 

8,430.40 

7,832.59 

8,832.59 

8,219.09 

9,219.09 

8,580.77 

9,580.77 

8,906.55 

9,906.55 

9,183.05 

10,183.10 

9,394.26 

10,394.30 

9,521.00 

10,521.00 

9,540.13 

10,540,13 


Terminal value 
Present value 
Net present value 
Internal rate of return 


With Project 


Net Income 

Cash Flow 

$10,044.00 

$15,594.00 

10,228.60 

17,920.60 

11,812.50 

19,248.20 

13,337.60 

20,818.70 

14,963.40 

22,491.70 

20,085.80 

21,363.30 

21,090.10 

22,370.10 

22,013.90 

23,293.90 

22,875.40 

24,155.40 

23,648.06 

24,928.06 


$210,379.00 
$ 57,779.30 
$ 30,779.30 
23% 
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Chapter 9: Forecasting, Sensitivity Analysis, and Adjustment for Price Trends 


The next step is to determine which of the variables are critical to the success 
ot the project. This requires a sensitivity analysis—asking how much the final 
outcome (net present value) would change as a result of errors in the estimates 
In Example 2, we examine each variable to determine its sensitivity. 


□ EXAMPLE 2 Key Variable Determination— Sensitivity Analysis 

T'* based ° n each of ,he followin S changes to original 
est mates. Tabulate the results showing the dollars and percentage change in net present 
value. Analyze the results and indicate the key variables. 

12 800 ulte) ume increases *° 10,500 units and remains level (does not increase y earf y to 

2. Unit labor cost decreases to 81.68 rather than to $1.40. 

,u i n' ThC hurdle rateS and reinvestmen t rate are 2% higher than estimated in each of 
the 10 years. 

, 4 : Th , e hurdIe rates and reinvestment rates are as anticipated for years 1-3, but are 
2 /o higher than estimated in each of the succeeding years. 

5. The sale price increases only 6.4% annually rather than the estimated 8% 

6. Labor costs increase 8.4% annually rather than the estimated 7%. 

7. Materials costs increase 12% annually rather than the estimated 10%. 

& Utilities and fuel costs increase 18% annually rather than the estimated 15% 

9. Other costs increase 8.4% annually rather than the estimated 7% 

10. Sales expenses increase 9.6% annually rather than the estimated 8%. 

Solution: The results are tabulated as follows: 


1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 


_ Change 

Volume of 10,500 
Unit labor SI.68 
Hurdle and reinvestment 
rates plus 2% 

Hurdle and reinvestment 

rates plus 2%, 

years 4-10 

Sale price increases 

6.4% annually 

Labor increases 8.4% 

annually 

Materials increase 
12% annually 
Utilities and fuel 
increase 10% 
annually 


Change in NPV 


Revised NPV 

Dollar 

Percentagt 

$20,507 

19,319 

26,190 

$10,272 

11,460 

4,589 

33% 

37 

15 

29,224 

1,555 

5 

22,500 

8,279 

27 

19,320 

11,459 

37 

29,489 

1,290 

4 

29,511 

1,268 

4 


, . The results of the sensitivity analysis indicate that the key variables are volume 
labor cost, and annua changes in sale price and labor costs. If sales volume does not 
increase as anticipated, the project’s NPV will decrease by 33%. A further sensitivitv 
analysis might be advisable to determine the outcome if, for example, sales volume fell 
from the current 10,000 units to a “worst case.” At this point, the analyst should suggest 
ome possible volumes such as 7,000 or 8,000, and ask the sales department to estimate 

ntfent^T H V ° 'T v ° lum <*- Coiresponding NPV’s will indicate to management the 
potential for downside risk resulting from reductions in volume. 
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The estimate in unit labor costs is another crucial factor. If unit labor decreases to 
SI.68 rather than $1.40, the NPV will decrease 37%. The remaining two most sensitive 
variables are annual increase in sales price and annual increase in labor costs. Twenty 
percent errors in these estimates will result in 27% and 37% reductions in NPV. 
Interestingly, increasing the hurdle rates and reinvestment rates by 2% for each year 
impacts NPV by only 15%. The analyst may want to consider increasing these by 4% lor 
each year to further gauge the impact of potential high costs of money. □ 

Example 2 clearly pinpoints the critical, or most sensitive, variables. Conse¬ 
quently, it is the estimates for these inputs that the analyst must check most 
carefully. In our discussion of risk we suggest obtaining a set of estimates for each 
sensitive variable and attaching corresponding probabilities to each. Then, using 
a computer, it is possible to consider alternative sets of potentially undesirable 
(and desirable) scenarios. In most instances management is concerned primarily 
with downside risk, so that appropriate contingency plans may be developed to 
deal with those possibilities. Certainly, the possibility of outcomes better than 
anticipated must be considered. But, the problems associated with higher-than- 
expected cash flows are generally easier to solve than those resulting from lower 
cash flows—thus, our interest lies primarily in potential downside risk. In 
Example 3 we consider two downside risk scenarios and their impact on the 
capital budgeting problem in Examples 1 and 2. The first is a recesssion model; 
the second an inflation model. 


□ EXAMPLE 3 Sensitivity Analyses of Several Variables 

Consider two possible economic scenarios: recession and inflation. In the recession 
case, hold volume constant at 10,500, increase sales price 6.4% yearly, and start with unit 
labor at $1.68. Determine the cash flow, terminal and net present values. 

In the inflation case, allow volume to expand to 12,800, increase the hurdle rate and 
reinvestment rates by 4% for each year, use unit labor of $1.68, increase sales price 8% 
annually, and increase labor, materials, utilities and fuel, other, and sales expenses by 
8.4%, 12%, 18%, 8.4%, and 9.6%, respectively. Determine the cash flows, terminal value, 
and net present value. 

Solution: The results are tabulated as follows: 

Recession Case 

Income and Cash Flow Summary 


Period 

— 

2 

3 

4 

5 

6 

7 

8 
9 

10 


Without Project 

Net Income Cash Flow 


$7,020.00 

$8,020.00 

6,566.40 

7,566.40 

5,980.17 

6,980.17 

5,240.35 

6,240.35 

4,322.99 

5,322.99 

3,200.80 

4,200.80 

1,842.63 

2,842.63 

212.98 

1,212.98 

- 1,728.62 

- 728.62 

- 4,028.35 

- 3,028.35 


Terminal value 
Present value 
Net present value 
Internal rate of return 


With Project 

Net Income Cash Flow 


$ 8,456.40 

$14,006.40 

7,092.20 

14,742.20 

6,901.96 

14,252.00 

6,406.88 

13,756.90 

5,745.11 

13,095.10 

8,291.37 

9,341.37 

7,210.43 

8,260.43 

5,868.60 

6,918.60 

4,225.06 

5,275.06 

2,233.15 

3,283.15 


$119,103.00 
$ 32,711.10 
$ 5,711.10 
16% 
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Inflation Case 
Income and Cash Flow 

Without Project 

Net Income Cosh Flow 


Summary 


$7,020.00 

6,648.48 

6,113.08 

5,380.74 

4,412.61 

3,163.02 

1,578.39 

404.18 

2,858.46 

5,870.97 


$8,020.00 

7,648.48 

7,113.08 

6,380.74 

5,412.61 

4,163.02 

2,578.39 

595.82 

1,858.46 

4,870.97 


With Project 

Net Income Cash Flow 


$8,456.40 

7,659.26 

8,008.37 

7,990.13 

7,696.62 

10,442.30 

8.973.31 
7,019.68 

4.511.32 
1,341.59 


Terminal value 
Present value 
Net present value 
Internal rate of return 


$14,006.40 

15.351.30 
15,444.10 
15,471.20 
15,225.00 
11,719.80 

10.253.30 
8,299.68 
5,791.32 
2,621.59 


$173,282.00 
$ 33,688.50 
$ 6,688.50 
20.4% 


infl a ^ U ^° Ut ° Ur dis 5 ussion of sensitivity analysis, we have assumed that 
nflation will impact each input by a different amount. Such is the situation in 

r7esr c ns y; th"SLtd%S flati0n T, iS r aningleSS ' 

firm J tb J and PP !’ are useful on) y if the inputs employed by the 

m are the same and used in the same proportion as the inputs used to compute 

“ . , eac L h m P ut If there were several alternative projects available to 

^comphsh the same goal, logic would argue toward selection of Ae project 

w ° u ' d “ 10 "'»■* *■>»» »i* 4*<4K 


QUESTIONS/PROBLEMS 


2 ff, f r b a ff Cen hC , nSk mheren * in a proJect and forecasting risk. 

2. In Example 1 different values were used for the hurdle rate and the reinvestment rate 
In genera 1 , would these values be the same or would they differ? Explain 

Iroto’^PV be m° r ^ ^ rCUe ^ ^ ‘ he remvestm ™t rate were used, would the 

situation in ExampleTtLrTinTe^elfu^tobTdiffemnt^ *° **“ 

internal rate of return using these assumptions. g ° f ^ calculated 

5. Any project can be made to look attractive when compared to a sufficient^ 

Exfm T b ^ m“ tl,e ’’ Such a statement could be applied to^he “Inflation Case” in 
Example 3. When comparing the two mutually exclusive alternatives, “Without 
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6 . 


Project” and “With Project,” is it fair to compare the two as shown or would you 
abandon the “Without Project” alternative prior to the tenth period. Assume tha 1 
abandonment did take place any cash flows would be reinvested in other projects at 
the assumed reinvestment rates rather than replacing the Project 

Visit with a financial officer of a local company and discuss the elements of this 
chapter. Obtain the forecasts for a project he/she is considering, develop a sensitivity 
analysis, identify the critical variables, and indicate how profit and cash flows would 
be effected by 20% errors in these estimates. 




Taxation ancJ Depredation 


Proposed capital expenditures are evaluated by comparing the expected after-tax 
costs with the estimated after-tax revenues they are expected to generate In 

l d :L t0 /? mPare C T tS W n th revenues ’ il is necessar y to establish a systematic 
ti a l fH a I P fi OC " S f T ? eCt ^. g ’ summar izing, and analyzing pertinent finan- 
cal and nonfinancial data. Given the various types of requests for capital 
expenditures that management can anticipate, it is necessary to understand the 
depreciauon and taxation procedures applicable in each instance, Since both 
impact profits as well as cash inflows and outflows. Profits and (especially) cash 
flows are of particular importance to the process of evaluating capital expendi- 

the cfWtl 8 fT 6 " W disCUSS J thC meth ° ds USed to determine depreciation and 
the effects of depreciation and taxation on profitability and cash flows. 1 The 

reader must be aware of the constantly changing tax structure: altered by 
revision to statute, IRS rulings, and tax court decisions. The material presented 
e rem re fi ect s t he chang es m the Economic Recovery Tax Act of 1981 (ERTA) 
and the Tax Equity and Fiscal Responsibility Act of 1982 (TEFRA) but forms 

only a base for analysis; the reader is cautioned to incorporate changes as they 
occur. ^ 


The authors express their sincere appreciation to John G. Benstead, Tax Partner, Cherry Hill Office 
Deloitte, Haskins and Sells for his review and for providing various tables in this chapter. 
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DEPRECIATION 

When an asset is purchased, it is necessary to match the expenses with 
revenues during the period in which it is used. Depreciation is a systematic 
recognition of such expenses in an historical framework in order to match the 
expense with revenues while the asset is being used. Depreciation recognizes the 
eventual wasting of the asset through wear, obsolescence or the like, and 
provides for the recognition of the expense before or no later than its retirement. 

The federal tax laws permit inclusion of depreciation as a tax-deductible 
expense. To be eligible for depreciation, an asset must have a useful life of 1 or 
more years and be used in a trade or business or held for production of income- 
Since depreciation does not require a cash outlay, it is categorized as an implicit 
expense; other expenses requiring payment are explicit costs. 

To determine the depreciation for an asset, it is necessary to know three 

things: 


1. The depreciable value of the asset : 

depreciable value = total capitalized cost - salvage value (1) 


where the salvage value consists of the estimated resale /^TEF^k 
costs of its removal or sale. For tax purposes under ERTA and TEFRA, salvage 
value is not considered when determining depreciable value. 

2. The useful life of the asset. The useful life is the period over which that asset 
may reasonably be expected to function m a business. 

Y For tax purposes, the useful life is defined in the ERTA by dividing all assets 
into four depreciable life categories, described below. This 
represents a significant departure from past practices. Prior to the ERTA, eac 
type of asset was depreciated for tax purposes over a period^ that reasonably 
approximated the actual period during which the asset would be used. The IRb 
published guidelines for thousands of assets providing an asset depreciation range 
(ADR) for each asset. The ADR specified a range of years from which the 
depreciable life for tax purposes could be chosen. For example, pnnting presses 
had a range from 9 to 13 years with an ADR midpoint of 11 yearn. The ADR is 
still very important because the ADR midpoint is now used to define some of the 
depreciation categories applicable to certain groups of assets. 

P The new depreciation categories really have little to do with an asset s useful 
life. Rather, they were established as a means of permitting businesses to 
depreciate assets over shorter periods of time. This pemuts the recovery o e 
asset’s cost more rapidly and thereby makes the acquisition more attractive to a 

3 The method of depreciation appropriate to the asset. There are specific methods 
of depreciation that may be used as part of the accelerated cost recovery system 
(ACRS), which is included in the ERTA. These are described ater. In all cases, 
straight-line depreciation may be substituted at the option of the owner. 
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ACCELERATED COST RECOVERY SYSTEM (ACRS ) 2 

The ERTA specifies rapidly accelerated depreciation methods as a means of 
increasing the level of investment in plant and equipment. The system results, 
for example, in fully depreciating an asset with a 12-year ADR midpoint in only 
5 years. 

L Eligible property. Most tangible depreciable property will be eligible for 
ACRS. However, property depreciated by methods other than a term of years 
and amortized property will not be eligible for ACRS. Retirement-replacement- 
betterment (RRB) property of railroads is covered by ACRS and transitional 
rules are provided for the change from RRB to ACRS. 

To prevent the “ churning” of used property solely to obtain the benefits of 
the increased investment incentives, certain “ churned” property will be excluded 
from ACRS. The statute provides for the exclusion of property used in 1980 
from ACRS unless the owner and user change. The Treasury is also granted 
broad authority to issue regulations to disallow ACRS in inappropriate circum¬ 
stances. Prior depreciation rules will continue to apply to such property. 

2. Recovery periods . The following periods have been established: 

3 years: Autos, light-duty trucks, R and D equipment and all personal 
property with an ADR midpoint life of 4 years or less. 

5 years: Most other equipment, including public utility property with a 
current ADR life of 18 years or less, single-purpose agriculture struc¬ 
tures, and petroleum-storage facilities designated as Section 1245 prop¬ 
erty. 

10 years: Public utility property with an ADR midpoint life greater than 18 
years but not greater than 25 years, railroad tank cars, and real 
property with an ADR midpoint life of 12.5 years or less. 

15 years: Public utility property with an ADR midpoint life exceeding 25 
years and real property with an ADR midpoint life of over 12.5 years. 

Taxpayers will be allowed to elect the following extended recovery periods in 
lieu of the regular recovery period when straight-line depreciation is used. 

Property Class Optional Periods 

3-year 5 or 12 years 

5-year 12 or 25 years 

10-year 25 or 35 years 

15-year 35 or 45 years 


3. Recovery methods. Personal Property (and 10-year real property): Tables 
are set forth in the law that approximate the following recovery method and 


2 Much of the material in this section was provided by Deloitte, Haskins, and Sells. 


136 Part III: Computing Cash Flows 


incorporate the half-year convention. 3 These rates are applied only to the 
regular recovery periods (3-5-10-15 years): 

Year Method _ 

Commencing in 1981 150% declining balance, changing 

to straight-line 

Table 10-1 is applicable for property placed in service commencing in 
1985. 4 

TABLE 10-1 Rates for ACRS Personal Property and 
10-year Real Property 


Percentage by Property Class 


Recovery 

Year 

3-year 

5-year 

10-year 

1 

29 

18 

9 

2 

47 

33 

19 

3 

24 

25 

16 

4 


16 

14 

5 


8 

12 

6 



10 

7 



8 

8 



6 

9 



4 

10 



2 


□ EXAMPLE 1 ACRS Depreciation 

An asset having a depreciable value of $10,000 is to be depreciated under the ACRS 
system over 5 years. Determine the annual depreciation each year using Table 10-1. 

Solution: Refer to the 5-year column in Table 10-1 and multiply the depreciable 
value by the percentages as shown: 


Year 

Base 

Percentage 

Depreciation 

1 

$10,000 

18% 

$1,800 

2 

10,000 

33 

3,300 

3 

10,000 

25 

2,500 

4 

10,000 

16 

1,600 

5 

10,000 

8 

800 


3 The half-year convention specifies that one-half year’s depreciation is to be taken in the first year of 
an asset’s life, as opposed to computing the percentage based on the month of acquisition. 
Heretofore, for example, an asset purchased in March was depreciated 10 months, unless the ADR 
system was used. 

4 Table 10-1 incorporates the half-year convention and approximates 150% declining balance with a 
change to straight-line. If an asset is not fully depreciated before it is disposed, then depreciation will 
not be allowed in the year of its disposition. The astute reader will note a discrepancy in the 
table—it does not correspond exactly to 150% declining balance, but it must be used. If straight-line 
depreciation is used, one-half year depreciation is allowed in the first year; if the property is held for 
the entire period, one-half year is allowed in the last year. Thus, if an asset having a 5-year life is 
depreciated straight-line, the depreciation would be spread over 6 years with the following 
percentages each year: 10, 20, 20, 20, 20, 10. 
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For real property the half-year convention does not apply; real property will 
be recovered month to month in the years of acquisition and disposal. Also 
composite depreciation for real property is now required. The prior law per¬ 
mitted various systems of a structure, such as plumbing and heating, to be 
depreciated using schedules differing from the bricks and mortar. This is no 
longer permitted. (See Table 10-2). 

Depreciation is included as an accounting expense, but does not result in any 
°^ la y cas h- The amount deducted for depreciation on the firm's income statement is 
added to any earnings after taxes to obtain the firm's cash flow from operations. Profits are 
referred to as return on investment , while the funds generated by means of 
depreciation, amortization, and the like are referred to as return of investment. The 
total of profits plus depreciation and similar cash throw-offs is the cash flow from operations . 
While depreciation does not require an out-of-pocket expenditure, it does impact 
tax liability, profits, and cash flow. The greater the depreciation, the lower the 
profits before taxes (and thus the taxes), and therefore the higher the cash flow. 

The primary consideration in using accelerated depreciation is that it tends 
to reduce earnings before taxes and, consequently, income taxes while increasing 
cashflows during the early years of the life of the asset. The reverse is true during 
t e latter years. Since it is desirable to have both high profits and cash flows, 
firms frequently use two methods of depreciation: straight-line (which results in 


TABLE 10-2 ACRS Cost Recovery Tables for Real Estate 

All Real Estate (Except Low-Income Housing) 

The applicable percentage is: 

If the 
Recovery 

Y ear I s: _ _ Month Placed in Service 

__ f . 2 3 4 5 6 7 8 9 Jo Tl IT 

1 12 11 10 9 8 7 6 5 4 3 2 T 

2 10 10 11 11 11 11 li ii ii ii u 12 

3 9 9 9 9 10 10 10 10 10 10 10 10 

4 88888899999 9 

5 7777778888 8 8 

6 6666777777 7 7 

7 66666666666 6 

8 66666656666 6 

9 66665655566 6 

10 5656555555 6 5 

11 6655555555 5 5 

!2 6 5 5 5 5 5 5 5 5 5 5 5 

13 66555555555 5 

14 65555555555 5 

15 65555555555 5 

16 1 1 2 2 3 3 4 4 4 5 

(Note: This table does not apply for short taxable years of less than 12 
months.) 
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higher profits) for reporting income to shareholders, and an accelerated method 
(which results in lower taxable income and tax liability) for tax purposes. The 
difference in the results using the two methods is reconciled by establishing a 
deferred income tax liability account as a balance sheet line item. It should be 
noted that the total profitability and cashflows over the entire life of an asset are not affected 
by the choice of a method of depreciation. Only the timing of the profits and cash flows is 
changed. Since it is generally considered desirable to receive cash flows from the 
use of an asset as early as possible in its life, accelerated depreciation methods 
are usually employed for tax computation. 


TAXATION AND CAPITAL EXPENDITURES 

In order to estimate the cash flows involved in purchasing assets and to 
estimate the cash inflows resulting from their use, taxes must be computed. In 
this section we are primarily concerned with federal taxes on operating income, 
taxes on capital gains and losses, recapture of depreciation, investment tax 
credits, and state taxes on operating income. 


Federal Taxation on Ordinary Income 

The corporate taxable income (earnings before taxes) is that portion of the 
total income remaining after all the operating and administrative expenses and 
interest are paid and depreciation deducted. The calculation of tax payable is a 
simple matter once the taxable income has been determined. All corporations 
bear federal income tax on ordinary income at the rates shown in Table 10-3. 

If the corporation has a net operating loss, the loss may be carried back 3 
years and forward 7 or carried forward 10 years for pre-1971 carryovers (and 15 
years for losses after 1975). Thus, if a firm has had profits in the 3-year period 
prior to the loss and if these profits are still available to apply losses against, then 
the firm may enjoy a tax refund that will at least partially make up for the loss. 
If the loss is carried forward, then taxes will be reduced in future years. The firm 
also may elect not to carry losses back, but rather to carry them forward for 15 
years. 


TABLE 10-3 Corporate Federal Income Tax Rates 


1983 and Later Years 


First $25,000 taxed at 

15% 

Next $25,000 taxed at 

18% 

Next $25,000 taxed at 

30% 

Next $25,000 taxed at 

40% 

Over $100,000 taxed at 

46% 


5 For a discussion of deferred income taxes, see Charles T. Horngren, Introduction to Management 
Accounting, 4th ed. (Englewood Cliffs, N.J.: Prentice-Hall, Inc., 1978), pp. 652-655. 
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State Taxation on Ordinary Income 

, ^ is * i “ le uniformity to the taxation of corporate income by states, but it 

should be noted that the state income tax is included as an income statement 
expense for computing federal income taxes. As such, its impact on earnings after 
taxes depends to a great extent on the rate of federal tax being paid For 
example, m a state that imposes a 5% tax, if a firm has a 46% marginal federal 
tax rate, the effective state tax rate would be only 2.7%. The reader should be 
cognizant of state taxes, but because of the large variation among states and the 

calcuhitionT PUtatl0nS mV ° lved ’ We do not include them in our cash-flow 


Capital Gains and Losses 6 

Capital gams and losses take place when a firm buys and subsequently sells 
assets or securities that are not ordinarily purchased and sold in the business of 
the firm. Capital gains and losses may be either long- or short-term in nature 
short-term gains or losses occur when an asset is held for less than 1 year. In the 
evaluation of capital expenditures, we are primarily concerned with long-term 
capital gams and losses and recapture of depreciation (which is discussed below) 

or° n ^ enn h T tal ga T are c a ,. Xed at either the rate a PP lied to ordinary income 
or 28%, whichever is lower. Short-term capital gains are always included as a 
part of ordinary income. 


□ EXAMPLE 2 Tax on a Long-Term Capital Cain 

S30 000 T, O q « 1 iO A ^ 3 in ?° me ° f $3 °’ 000 a 'oog-term capital gain of 

3MU,U(X) in 1983. Determine its federal income tax liability. 

at 18^w'sTnm m f ^a’ 000 ° f ordinary in L come !s taxed at 15% > ‘he remaining 85,000 
at 18 / 0 . Since $5,000 of ordinary income is to be taxed at 18%, only $20,000 of the capital 

gain may be taxed at 18%. The remaining $10,000 is taxed at 30%. The tax is 


° f CaP ‘ tal gai " S 3nd 1<>SSeS ‘ S necessar y «° define capital assets and related property A 
capital asset is any property except the following: P P Y- 

Inventories. 

Property held primarily for sale to customers in the ordinary course of business 
Depreciable property used in a trade or business. 

Real property used in a trade or business. 

Short-term, non-interest-bearing government obligations issued at a discount basis 
Copyrights, literary, musical, or artistic composition, letters, or similar property 

TomYetLTXert r r iVed ^ ^ °“ U * * b “ « 

Land and depreciable property used in business are not capital assets, but if thev are sold nr 

- . 2 ,.“: 
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summarized as follows: 


Ordinary income 
Ordinary income 
Capital gain 
Capital gain 


$25,000 X 0.15 = $ 3,750 
5,000X0.18= 900 

20,000X0.18= 3,600 

10,000 X 0.30 = 3,000 

$11,250 


As an alternative, all of the capital gain could have been taxed at 28%. 


Recapture of Depreciation 

In some instances when property is depreciated and later sold for an amount 
in excess of its book value, recapture of depreciation will take place. Any 
recapture of depreciation on personal property (Section 1245) is taxed as 
ordinary income. Any time the book value is less than the sale price, the gain will 
be taxed as ordinary income up to the amount of the accumulated depreciation. 
If property is sold for an amount in excess of the purchase price, that excess is 
taxed as a capital gain. The gains and losses for the year are netted together to 

determine the actual gain or loss. . 0 _ m 

The tax on recapture of depreciation of real property (Section 1250) differs 
significantly from personal property. Since the portion of depreciation subject to 
recapture depends on date of asset acquisition, method of depreciation used, and 
type of property involved, the reader is referred to a tax service, such as that of 
tVu. Pnmmeme Clearing House or Prentice-Hall, for details in this area. 


□ EXAMPLE 3 Determination of Recapture of Depreciation and 
Capital Gain 

A corporation purchased personal (Section 1245) property 10 years ago for $1,000,000 
and subsequently depreciated it to a book value of $600,000. If the corporation sells the 
property for $1,200,000 and has a 46% marginal tax rate, determine the recapture of 
depreciation, the long-term capital gain, and the additional tax liability if it sells the 
property. 


Solution , 


; The capital gain is the difference between the sale price and the purchase 


price. 


Sale price $1,200,000 

Less purchase price — 1,000,000 

Capital gain $ 200,000 


The recapture of depreciation is the difference between the purchase price and the book value 
in this example, since the asset was sold for more than its original cost. 

Purchase price $1,000,000 

Less book value ~ 600,000 

Recapture of depreciation $ 400,000 
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The tax is calculated as follows: 

Recapture $400,000 X 0.46 = $184,000 

Long-term capital gain 200,000 X 0.28 = 56,000 

Additional tax $240,000 


□ EXAMPLE 4 Determination of Recapture of Depreciation and 
Capital Cain 

Use the facts in Example 3, except that the sale price of property is $800,000. 

S lt ti0n: S ir the Sale price did n0t exceed the P urchase pri«, there is no capital 
" there ' s ? rcca P* ure <f depreciation. The recapture of depreciation in this 

case s the difference between the sale price and the book value since the asset was sold for 
more than the book value but for less than its original cost. 


Sale price 

Less book value 
Recapture of depreciation 


$800,000 
- 600,000 
$200,000 


The recapture would be taxed as ordinary income as follows: 


Total tax 


$200,000 X 0.46 = $92,000 
$92,000 


Section 1231 Assets 

Section 1231 of the Internal Revenue Code provides that certain losses may be deducted 

from ordinary income. Several types of assets are included under the provisions of 
section 1231. We are primarily concerned with the following: 

L Real property used m the taxpayer’s business held for more than 1 year 
and not regularly for sale to customers. 

2 * depreciable assets used in the taxpayer’s business held for more than 1 
year and not regularly for sale to customers. 

Real and depreciable assets are those which are used in the business such as 
buildings, machinery, and the like. Land or precious metals purchased for 
speculative purposes and sold at a loss would not qualify for the liberal 
treatment offered under Section 1231. 

The treatment of Section 1231 applies only when the total of Section 1231 losses exceeds 

all Section 1231 gams. If there is a net Section 1231 loss, then the net losses 

occurring from sale of Section 1231 assets may be deducted from ordinary 
income. 7 

The special provision for deducting net long-term losses on Section 1231 
property from ordinary income is of particular importance to financial managers 
with respect to the timing of the sale of assets. For example, suppose that a firm 
could sell two assets. The sale of the first would result in a $10,000 long-term 
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capital gain, while the second would result in a $10,000 loss covered by Section 
1231. If the firm sold both in the same year, the gain and loss would just offset 
each other, and there would not be any change in tax paid. However, if the gain 
were taken one year and the loss the next, a subsequential tax savings would be 
enjoyed. Assume that the firm’s marginal tax rate is 46%. The tax savings on the 
Section 1231 loss would be $4,600. However, the additional tax payable on the 
gain would be only $2,800 since the tax rate is 28%. 

A net tax savings of $1,800 would be obtained. Hence Section 1231 makes 
the timing of disposal of capital assets extremely important. 

Capital Loss Carry-Back and Carry-Forward 

If there is a net long-term capital loss in any year on the sale of assets not 
covered by Section 1231, it may not be deducted from ordinary income of the same or any 
other year . It must be applied against long-term capital gains from the other years., The loss 
must first be applied against long-term capital gains made 3 years prior to the 
loss then 2 years prior, working forward to the fifth year after the loss has 
occurred. This permits the firm to apply a long-term capital loss in 1 year 
against gains in 8 years, starting 3 years prior to the loss and ending 5 years after 
the loss. Any loss remaining after the fifth year following the loss is no longer 
available to the corporation as a deduction. 


EXPENSING DEPRECIABLE ASSETS 

Commencing in 1982, capital expenditures up to a specified amount may be 
expensed rather than depreciated for tax purposes. This benefit, as shown m 
Table 10-4, is primarily for small businesses. 


TABLE 10-4 Limitation on Expensing 


Depreciable Assets 

Taxable Year 

Limitation 

Begins In 

Amount 

1982 

$ 5,000 

1983 

5,000 

1984 

7,500 

1985 

7,500 

1986 and later years 

10,000 


INVESTMENT TAX CREDIT 

Investment tax credit (ITC) provides for the reduction of federal income tax 
liability by permitting part of the cost of certain types of assets to be deducted 
from the tax liability in the year the property is placed in service. Currently, 
investment tax credit is up to 10% of the purchase price of certain assets. 
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The purpose of the tax credit is to stimulate the purchase of certain types of 
property, meeting the following qualifications: the property must (1) be depre¬ 
ciable; (2) have a useful life of at least 3 years; (3) be tangible personal property 
or other tangible property 7 (except buildings and their structural components) 
used as an integral part of manufacturing, production, extraction, and so on; 
and (4) be placed in service in a trade or business or for the production of 
income during the year. Property is considered to be placed in service in the 
earlier of the following: 8 

1. The tax year in which, under your depreciation practice, the period for 
depreciation begins. 

Z The tax year in which the property is placed in condition or state of 
readiness and availability for service. 

Tangible personal property includes depreciable tangible property, except 
land and land improvements such as buildings. Machinery and equipment are 
the principal types of property that qualify as tangible personal property. Other 
types of property include accessories to a business, such as grocery counters and 
air conditioners, automobiles used for business, and livestock. 

The amount of the investment tax credit allowed for qualifying property 
depends upon the property’s useful life and whether it is new or used. Moreover, 
the amount of tax credit allowed in any one year is limited, but any excess may 
be carried back or forward in a manner similar to operating losses. Credit may 
be carried back 3 years and forward 15 years. 

For the purpose of computing investment tax credit, the amount qualifying 
is the total purchase price less any deduction for old property traded in. This 
applies, in general, to the purchase of both new and used property. However, no 
more than $125,000 of the cost of qualifying used property may be counted 
toward investment tax credit. 9 

The amount of investment tax credit that may be taken is based on the 
asset s depreciable life as shown in Table 10-5. 


TABLE 10-5 Investment Tax Credit 

Property Class Investment Tax Credit 
3-year 6% 

5-year 10% 

10 -year 10% 

15-year 10% 


That is, Section 38 property. Included in the 1978 Revenue Act is a provision extending the ITC to 
expenditures incurred to rehabilitate nonresidential structures, such as factories, warehouses, hotels 
and stores. Additional tax credits are also available for six categories of energy property Such 
credits are normally in addition to regular ITC. The 1981 ERTA added petroleum-storage facilities 
used in connection with distribution activities and certain railroad rolling stock used within and 
without the United States. 

However, credits may be taken for certain qualifying expenditures, called progress payments , made in 
the building or acquiring of qualified investment property. 

9 Increases to Si50,000 in 1985. 
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If property is disposed of before the end of its property class life , then all or a 
portion of the investment tax credit must be recaptured, as shown in Table 10-6. 

TABLE 10-6 Investment Tax Credit Recapture 


Recapture Percentage 


Year of Disposition 

3-year Property 

5-10-15-year Property 

1 

100 % 

100 % 

2 

66 % 

80% 

3 

33% 

60% 

4 

0 % 

40% 

5 

0 % 

20 % 


At-risk rules now affect assets applicable to investment tax credit. 10 Credit is 
allowed only to the extent that capital is at risk. Twenty percent of the basis of 
the property on a recourse basis must be at risk at all times. When this 20% is 
maintained, the “safe-harbor” rule is met and the owner is allowed the full ITC. 
An example of the safe-harbor, at-risk rule is shown in Table 10-7. 

TABLE 10-7 Example of Safe-Harbor, At-Risk Rule 



Safe-Harbor 
Rule Met 

Safe-Harbor 
Rule Not Met 

Cash 

Bank financed 

$20,000 

$15,000 

nonrecourse note 

80,000 

85,000 

Purchase price 

$100,000 

$100,000 

At-Risk amount 

100,000 

15,000 

ITC rate 

10 % 

10 % 

Investment credit 

$10,000 

$1,500 


The amount of investment tax credit taken in any one year is limited to the 
income tax liability shown on the tax return, or $25,000 plus 85% of the tax 
liability in excess of $25,000, whichever is less. 

The ERTA added new credit for the rehabilitation of certain classes of 
buildings. In order to qualify, the rehabilitation must be substantial, costing 

TABLE 10-8 ITC For Rehabilitation Expenditures 

Property Class Investment Tax Credit 

30-39-year-old buildings 3 15% 

40-year-old or older buildings 3 20% 

Certified historic structure 13 25% 


a Applies to nonresidential buildings only. 

b Applies to both residential and nonresidential buildings. 


10 At-risk rules apply to individuals, Subchapter S Corporations and certain closely held corporations. 
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$5,00° or more and equaling or exceeding the adjusted basis (book value) of the 
building. Straight-line depreciation must be used when depreciating rehabilita¬ 
tion expenditures that are subject to ITC. Rehabilitation credits by property age 
are provided m Table 10-8. xf P y g 


Special Consideration for Trade-ins 

As noted in the section on investment tax credit, if an asset is traded in, the 
basis for the investment tax credit is the price paid in excess of the trade-in value 
Thus, if a qualifying asset costs $10,000 and an old asset is traded in for $2 OOo’ 
the investment tax credit would be calculated based on the $8,000 cash payment' 
At the 10% rate the credit would be $800. Instead, if the old asset was sold 
outright, the total price of the new asset would receive the full benefit of the 
investment tax credit, that is, 10% of $10,000, or $1,000. There appears to be an 
obvious advantage to selling the old asset rather than trading it in The 
advantage depends, however, on the amount allowed for trade-in versus the 
amount that could be realized by means of an outright sale. Frequently a 
vendor will allow a higher trade-in because being a dealer places him at an 
advantage m terms of reselling the old asset. 

But there are other considerations. If an asset is sold, a capital gain, loss or 
recapture of depreciation may take place. If an asset is traded in at a value other 
than the book value, such gains or losses are not incurred for tax purposes but 
rather, the price of the newly acquired asset is adjusted for purposes of 
depreciation. Suppose that the old asset, described above as having a trade-in 
value of $2,000, had a book value of only $1,000. A capital gain would not be 
recognized for tax purposes if the asset were traded in. Rather, the cost of the 
new asset, for purposes of tax depreciation, would be $9,000 (i.e., $1,000 book 
value plus $8,000 cash). The $1,000 gain would be amortized over the life of the 
new asset by reducing its depreciation. If the new asset had a 10-year life with no 
K XP Sno ^ Vall f and 18 de P reciated straight-line, the depreciation would 
£ nnn T" **** ^ than $1 ’ 00a If the old machine had a book value of 
Snnnu , ne ^ WOuld be de P reciat ed using $11,000 as the cost (i.e., 

$3,000 book value plus $8,000 cash), for $1,100 annual depreciation. Again a 
loss for tax purposes would not be recognized at the time of the transaction ’ 


INVESTMENT TAX CREDIT AND DEPRECIATION 

TEFRA imposed a limit on the combined amounts of depreciation and 
investment tax credit which may be taken for an asset. If the full investment tax 
credit is taken, then the depreciable base must be reduced by half of the amount 
ot the credit. For example, suppose an asset costs $100,000 and a 10% investment 

fl^nnrwu ft Then the depreciable base would be reduced by 

$5 000 (half of the credit). As an alternative, the investment tax credit may be 
reduced by 2% and the depreciable base left unchanged. 
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SUMMARY 


This chapter provides the primary information pertaining to the calculation 
of depreciation and taxation as it relates to capital expenditure decision^ Both 
depreciation as it affects profits, taxation, and cash flow, and corporate and state 
taxes as they affect profits and cash flows, are very important to the evaluation 
of capital investments. 


QUESTIONS/PROBLEMS 


1. An asset has a total cost of $10,000. It has an expected useful life of 10 years but may 
be depreciated for tax purposes using ACRS with a 5-year life. Determine the 
depreciation using straight-line depreciation for 10 years and ACRS for 5 years. Recall 
that the half-year convention must be incorporated when using straight-line deprecia- 

2. Using 150% declining balance depreciation and the half-year convention develop a 
5 -year depreciation schedule giving the percentages of the property to be depreciated 
each year. Compare this with the figures provided in Table 10-1, 5-year column 

3. Suppose in Problem 1 above that a 10% investment tax credit was to be taken. 
Recompute the 5-year ACRS depreciation. 

4. A company has ordinary income of $150,000, a recapture of depreciation of $30,000 
and a $20,000 long-term capital gain. Determine its tax liability. 

5. A company purchased a machine for $200,000, took 10% investment tax credit and 
depreciated it using a 5-year ACRS life. After 3 years the company sold the machine 
for $100,000. Determine the tax liability on the sale. 

A company that has ordinary income of $50,000 is considering the sale of a machine 
that originally was purchased for $150,000 and has a book value of $75,000. 
Determine the change in the firm’s tax liability based on selling the machine for the 
following amounts. 

(a) $200,000 

(b) $100,000 

(c) $40,000 


6. 








DETERIVliNiNq CasIh Flows 


The analysis of capital expenditures is predicated on knowledge of the cash 
outflows needed to acquire assets and the cash inflows that are expected to result 
from their use. 1 It is the purpose of this chapter to indicate how these cash flows 
may be determined, based on sales and cost estimates combined with the 
relevant tax implications of the transactions that we are considering. 


COST OF ACQUISITION AND DISPOSAL OF ASSETS 

The total funding requirements for the acquisition of new assets are sum¬ 
marized below. 

Total fund requirements equal: 

Land purchased. 

Equipment and facilities purchased. 

Patents and processes purchased. 

All costs relating to purchases (transportation, legal fees, installation, and 
so on). 

Additional working capital required. 

Tax liability on the sale of replaced assets. 

Interest on construction loans and the like. 

Property taxes on land and buildings before they are placed in use. 

lr rhe authors express their sincere appreciation to John C. Benstead, Tax Partner, Cherry Hill Office, 
Deloitte, Haskins and Sells for his review of this chapter. 
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less: 

Funds realized from the sale of replaced assets. 

Tax benefits arising from the sale of replaced assets. 

Investment tax credits. 

Tax benefits from payment of construction loan interest and property 
taxes. 

All these items must be considered to obtain the net cash outflow required to 
acquire an asset. 

The costs to purchase assets, whether they be equipment, land, or intangi¬ 
bles, are perhaps the easiest to estimate and, in general, may be estimated with 
the greatest degree of accuracy. 

Tax law requires that all the costs relating to the acquisition of assets be 
capitalized and that the assets be depreciated over their useful lives, as described 
in Chapter 10. Thus, legal costs necessary to the purchase of real estate, for 
example, should be capitalized as a part of the total cost of acquisition. Also, 
costs such as shipping, receiving, and installing a machine would be capitalized. 
The question of capitalization actually varies appreciably according to the size 
of the firm making the acquisition. Consider the purchase of a new machine. The 
actual costs (in addition to the purchase price) could include the following: 
shipping, insurance during shipping, construction of a foundation, crane opera¬ 
tion, plumbing, wiring, and final setup. If the firm had to pay outside contrac¬ 
tors for each of these services, the costs would be capitalized. However, if the 
firm had a maintenance crew that did much of the work as a part of their 
normal duties, the costs would usually not be capitalized. Similarly, if a firm had 
its own legal staff, legal fees that would otherwise be capitalized would generally 
be included as a part of the ordinary expense of operating the business. 

Working capital is the difference between current assets and current liabilities. 
In many instances when new assets are required, additional working capital is 
also needed. If a firm expanded its operations, it would likely need more cash 
and inventories. When the inventories are purchased, accounts payable will tend 
to increase. Similarly, when the product is sold, accounts receivable will be 
generated. Further, accruals for wages and taxes would tend to increase. In 
almost all instances, the increase in current assets will exceed the increase in 
current liabilities, and thus there will be a requirement for added working 
capital. Additional working capital needed to support the operation of a fixed 
asset is expected to be recovered when the asset is removed from service. Thus, if 
it is necessary to increase working capital to support additions to fixed assets , the increase 
represents a use of funds only during the life of those assets. It is expected that all of the 
additional working capital will be recovered when the asset is retired and is noted as a cash 
inflow at that time. 

The tax liability or benefit arising from the sale of an existing asset which is 
discontinued from service may be appreciable and must be considered as a part 
of the total cash flow involved in the acquisition of a new asset. The implications 
of sale versus trade-in on capital gains and losses and investment credits make 
this decision very important in capital expenditure analysis. 

When new plant and facilities are acquired, there is often an appreciable 
time between the initial cash outlays to purchase land and the time when the 
facility is put into operation. Frequently, construction loans are required. For tax 
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purposes interest on such loans must be capitalized along with property taxes 
uring the period pnor to the asset being placed in operation, 
c- " ves ‘ ment . tax credits are provided when certain types of assets are acquired 
nee such credits are deducted directly from federal tax liability (arid generally 
within the same calendar quarter as the acquisition is made), they represent a 
reduction m the cost of acquisition. y re P resent a 

When an asset is retired from use, the firm may anticipate recovery of some 
salvage value and working capital. The net portion of salvage a17woZg 
pital are noted as cash inflows at the time of asset retirement. Further the firm 

mav h^ ° ^ taXgS lf CaP ‘. tal gainS 0r recover y of depreciation is involved and 
may have to recapture some investment tax credit if the asset was not held for as 

long a period as was originally anticipated. If capital losses are involved tax 
reductions may be enjoyed. While some assets, such as buildings are depreciated 
for tax purposes, their actual fair market value may 

anH th CS a " lncrease c ln value > the various taxes involved should be calculated 
and the amount, net of taxes, likely to be received when the asset is sold should 
projected. In some instances a large portion of the profitability of an 

s ” for ■ “i” ■ 


□ EXAMPLE 1 Funding Requirements 

A corporation is considering the construction of a new plant to replace its existing 
taUe Pemnent mformatlon relatin g to *he current plant is listed hi the following 


__ Book Value Sa le price 

Land $100,000 82 500,000 

Buildings 275,000 -60,000 a 

Machinery 500,000 375,000 

a Cost to demolish old buildings. 


Cost factors for the new plant are as follows: 


Purchase Price 


Land 

$2,000,000 

Buildings 

3,600,000 

Machinery and 

1,600,000 

equipment 

Additional 

250,000 

working capital 


__ Related Costs 

$200,000 real estate fees 
50,000 property taxes 

during construction 
80,000 interest during 
construction 
$ 60,000 property taxes 

during construction 
100,000 interest during 
construction 
$400,000 installation 
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All equipment and machinery have an ACRS life of 5 years. Assume that the old 
property was held for a sufficient period of time so that no recapture of ITQ is required 
The corporation is in the 46% marginal tax bracket. Determine the net out-of-pocket cost 
to purchase the new plant. 

Solution: First calculate the gross amount to be received from the sale of the old 
property. 


Sale Price 

Land $2,500,000 

Buildings (60,000) 

Machinery 375,000 

Total $2,815,000 

The net amount received will be the sale price less the applicable taxes. The Section 1231 
gains are determined as follows and taxed as long-term capital gains: 



Capital Gains 
(Losses) 

Land 

(sale price - book value) 
$2,500,000 - $100,000 

$2,400,000 

Building 

(book value + demolition costs) 
$275,000 + $60,000 

(335,000) 

Machinery 

(book value - sale price) 

$500,000 - $375,000 

(125,000) 

Net capital gain 

$1,940,000 


The tax on the capital gain would be $1,940,000 X 0.28 = $543,200, so the net amount 
received from the sale is as follows: 

Sale price $2,815,000 

Capital gains tax — 543,200 

Net sale price $2227^800 


The total cost of the new plant plus working capital is listed below. The interest on 
construction loans and property taxes incurred during construction are “pit a hzed and 
amortized generally over a 10-year period. Amortization begins the year that the assets 
are placed in service. Full amortization may be taken for the first year regardless of the 
month that the property is placed in service. 


Land $2,330,000 

Buildings 3,760,000 

Machinery and equipment 2,000,000 

Added working capital 250,000 

Total cost $8,340,000 


Investment tax credit of 10% of the cost of the new machinery and equipment will be 
enjoyed. The investment tax credit is $2,000,000 X 0.10 = $200,000. The net out-of-pocket 



Chapter 77; Determining Cash Flows 151 

cost equals the total purchase price of the new plant less the net sale price of the old and 
less investment tax credits, ’ 

Total cost new plant $8,340,000 

Net sale price of old - 2,271,800 

Investment tax credits - 200,000 

Out-of-pocket cost $5,868,200 

The corporation would have to pay $5,868,200 to purchase the new plant. □ 


□ EXAMPLE 2 Funding Requirements with Trade-in 

«fim S r^ POS fu ,hat u the C ° rp °? tio „ n L n Exam P le 1 was able to trade in the machinery for 
$600,000 rather than sell it for $375,000. Assuming that the purchase price of the new 
machinery and equipment remains unchanged, determine the difference in funding 
requirements. 5 

Solution: First, calculate the gross amount to be received from the sale and trade-in 
of the old property. 


Land 

Buildings 

Machinery 

Total 


Sale Price and 
Trade-in Allowance 

$2,500,000 ~ 
(60,000) 
600,000 
$3,040,000 


The net amount received is the sale price less capital gains taxes. The capital gains are 
determined as m Example 1, except that a gain is not recognized on the sale of the used 
ThUS ’ l u h \ net c. apital S ain deludes the $2,400,000 gain on the land less the 
> S S u° n the buildingS ’ or $2,065,000. The capital gain tax at the 28% rate is 
$o/a,2UU, so the net amount received is: 


Sales price and trade-in $3,040,000 

Capital gains tax - 578,200 

Net sales price $2,461,800 

The total cost of the new plant plus working capital remains unchanged at $8,340,000. 
I^A eStmtaX ? redit 0n 1116 machiner Y and equipment is reduced because the 

«?aAAAAAu ade "f V u UC V ubtracted from th e $2,000,000 purchase price, leaving a 
$1,400,000 basis for the credit. The investment tax credit is $140,000. The net out-of-pocket 
cost for the new plant is as shown: 

Total cost of new plant 
Net sale price of old 
Investment tax credits 
Out-of-pocket cost 


$8,340,000 

- 2,461,800 

- 140,000 
$5,738,200 


Note that the reduction in the out-of-pocket cost resulting from the trade-in 
of $600,000 for the used machinery in Example 2 rather than the $375,000 sale 
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price in Example 1 is only $130,000. The difference results from changes in the 
capital gains and investment tax credits. In the next section we examine the 
differences in cash inflows resulting from the two types of transactions so that 
their bearing on capital expenditure decisions may be fully appreciated. 


TIMING OF CASH OUTFLOWS 

Examples 1 and 2 did not include a time analysis of expenditures, which is 
also an integral part of the economic analysis of capital expenditures. In the 
analysis of a large project such as the one outlined in Example 1, the develop¬ 
ment of a time-flow chart such as the one shown is useful. 


Time 

Activity 


Cash Flow 

0 

Purchase land 

—! 

$2,200,000 

3 months 

Start construction 

- 

900,000 

6 months 

Property taxes 

— 

20,000 

1 year 

Construction project 

— 

2 ,000,000 


Property taxes 

— 

25,000 


Loan interest 

— 

80,000 

18 months 

Complete construction 

— 

700,000 


Property taxes 

— 

30,000 


Purchase machinery 

— 

1,600,000 


Investment tax credit 

+ 

200,000 

21 months 

Install machinery 

- 

400,000 

24 months 

Sell old plant 

+ 

2,271,800 


Property taxes 

— 

35,000 


Interest 

— 

100,000 


Working capital 

— 

250,000 


Net cash outflow 

— 

$5,868,200 


CASH FLOWS FROM ASSET OPERATION 

In order to evaluate proposed capital expenditures, it is necessary to estimate 
the after-tax cash flows which are likely to be received as a result of using the 
asset over its projected life. After-tax cashflows consist of the sum of the additional 
after-tax profits generated from the use of an asset plus the depreciation cas 
throw-offs. Determination of the cash flows is demonstrated in the following 
examples. 


□ EXAMPLE 3 Profitability and Cash Flow 

A machine costs $15,000. It has a life of 5 years and will be depreciated str aight-lme 
to zero salvage value. Use of the machine will result in an increase in income of $20,000 
per year. Concurrently, operating expenses will rise by $16,000 per year. Assume that the 
firm considering the purchase of the machine has a 30% tax rate. Determine the profit 
and cash flow of the machine. 
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Solution: The profitability is calculated using the typical income statement method. 


Change in 

Income Statement - 

Change in 
Cash Flow 

$20,000 
- 16,000 
- 3,000 

$20,000 
- 16,000 

$ 1,000 


300 
$ 700 

300 


$ 3,700 


Income 

Less operating expenses 
Less depreciation 
Earnings before taxes 
Less tax 

Earnings after taxes 
Increased cash flow 


The cash flow may also be determined by adding earnings after taxes to the depreciation 
The depreciation expenses did not result in any outflow of cash so at the end n? th* 

™hZ"“ ld h “ ‘ 7X * - C ’ 7 ” 

□ 

□ EXAMPLE 4 Profitability and Cash Flow 

book^ZeoSnonT' 1 5 - ye ^ ag ° f ° r ® 3 ,°’ 00 ° haS been Related straight-line to a 
Dook value of *20,000 Its original projected life was 15 years with zero salvage value Its 

current market value is $10,000 and, if sold, it would result in a Section lZ long term 

costs TZoIdmachiZ inZ 1 bas f 3 P urcha f e P rice of 845,000, including ’installation 

“electedlife Zl Z H ? !i k Z market value ' The new machine has a 15-year 
projected Me, will be depreciated based on a 5-year ARCS life, has zero salvage value 

and is expected to reduce operating costs by $7,000 per year. Compute the cash outflow 

ZtnZaZrZ infl ™ V firm has a 46% 

1231 ZtnZ'iJb 6 ^P 0831 of the old machine will result in a $10,000 loss under Section 

S14finn n Z margl " a i,* ax rate 18 46% . the tax savings is $4,600. Thus, a total of 

credkat™Zs e $3 re 6 C 00 V Th ° f Z new f m3c k hine is 845 - 000 - a "d the investment tax 

credit at B/o is $3,600. The out-of-pocket cost for the new machine is as follows: 


New machine purchase price 
Recapture investment tax 
credit, old machine 2 
Investment tax credit at 8% 

Sale of old machine 
Section 1231 tax savings 

Out-of-pocket cost 


$45,000 

1,000 

3.600 
10,000 

4.600 
$27,800 


The new machine costs $45,000 and has a 15-year projected life and zero salvage value 

rate 0 fZZo ner aSed “ m3Chine W3S bdng depreciated Zthe 

ate of $2,000 per year so additional depreciation will result each year for the first 5 vears 

Wa e r n p e eld a Thr 0 e ’ ^ be experienced inThe seS 

caL floZart dZ^dZS Z" ^ remainmg ^ ° f the ° ld m3chine ' The 
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TABLE 11 -1 Differential Cash Flows for Example 4 


Cost 

Added 


Tax 

EAT 

Reduction 

Depreciation 

EBT 

46% 

$7,000 

$ 6,100 

$ 900 

$ 414 

$ 486 

7,000 

12,850 

- 5,850 

- 2,691 - 

- 3,159 

7,000 

9,250 

- 2,250 

- 1,035 - 

- 1,215 

7,000 

5,200 

1,800 

828 

972 

7,000 

1,600 

5,400 

2,484 

2,916 

7,000 

- 2,000 

9,000 

4,140 

4,860 

7,000 

0 

7,000 

3,220 

3,780 

:orrespond: 

5 to the end o! 

f the expec 

;ted life of the 

original 


9,691 

8,035 

6,172 

4,516 

2,860 

3,780 


The examples used to develop cash flows are typical of the types of problems 
encountered in investment analysis. In the development of the examples, one 
important point should be underscored relative to sunk costs. Sunk cwtoreprese 
cash outflows that were made in the past and are no longer recovera . > 

the economic significance of sunk costs within the context of capital investment 
decisions is limited to the impact which these costs may have or‘ 

For instance in Example 4 the machine currently being ^sed had a book value 
of $20 000 with a market value of only $10,000. The $10,000 difference 
^presents a sunk cost, but part of it was recoverable so that the actual sunk cost 
w£s limited to only $5,400 since $4,600 was recoverable by means of tax 

reductions. 


SALES VERSUS TRADE-IN: EFFECT ON CASH INFLOWS 

Earlier in this chapter we demonstrated the impact on the cash outflows 
needed o acqu re a n asset resulting from the decision to trade m the asset versus 
selling it. Now we want to examine the impact of the same decision on the 
expected cash inflows. This will be accomplished in Example 5. 

□ EXAMPLE 5 Differential Cash Flows with Sale Versus Trade-in 

the difference in cash inflows m Examples 1 and 2. Use tables IU 

Solution: Consider Example 1 first. The new machines and equipment 

less one-half of die ITC. ™ J500W » *e’ depreciable 

Sue'is $1,900,000 kss $70,000,’ or $1,830,000. The financial statements for purposes of 
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Changes in Income 
Statement 

Changes in 
Cash Flows 

Earnings before taxes 
and depreciation 

Less depreciation 
on buildings 

Less depreciation 
on machinery and 
equipment 

Less amortization 

$1,500,000 

- 216,000 

- 342,000 

$1,500,000 

of interest and 



property tax 

Earnings before taxes 

Less tax (46%) 

Earnings after taxes 

29,000 
$ 913,000 
- 419.980 
$ 493,020 

- 419,980 

Increased cash flow 


$1,080,020 


value is $1,900,000 less $70,000, or $1,830,000. The financial statements for purposes of 
computing cash flows are as follows: 



Changes in Income 

Changes in 


Statement 

Cash Flows 

Earnings before taxes 



and depreciation 

$1,500,000 

$1,500,000 

Less depreciation 



on buildings 

- 216,000 


Less depreciation 



on machinery and 



equipment 

- 329,400 


Less amortization 



of interest and 



property taxes 

29,000 


Earnings before taxes 

$ 925,600 


Less tax 

425.776 

- 425,776 

Earnings after taxes 

$ 499,824 


Increased cash flow 


$1,074,224 


The difference in cash flows between Examples 1 and 2 amounts to $5,796 
per year in favor of Example 1 (sale rather than trade-in). Since the cash outflow 
of Example 1 exceeded that of Example 2 by $130,000, the increase in yearly 
cash flows of $5,796 would obviously not warrant the added expenditure. But the 
important point to recognize is that in many situations there are choices facing 
management that bear heavily on cash-flow projections, and each must be 
weighted. In Examples 1 and 2 the trade-in appears to be preferable. 

FURTHER CONSIDERATIONS OF THE TIMING OF CASH FLOWS 

Earlier in the chapter we included a time analysis showing the projected 
cash outflows for a 2-year plant construction. In many instances cash flows must 
be adjusted to reflect the actual time of receipt or payment. Consider a firm 
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opening a new plant with projected yearly sales, operating expenses, and related 
costs. During the first year the lags in accounts receivable and payable, inven¬ 
tory buildups, and accruals warrant special attention. The first year and 
subsequent yearly cash flows are developed in Example 6. 


□ EXAMPLE 6 Operating Cash Flows 

A corporation anticipates additional sales of $1,000,000 per year resulting from its 
new plant. Cost and revenue projections are detailed below. 

Revenues : All sales on credit with a 60-day average collection period. 

Costs: Materials are 30% of sales with 2 months’ safety stock; payment made 30 days 
after monthly deliveries. Labor costs are 25% of sales with payment two weeks 
after the end of salary period, which is monthly. 

Utilities and fuels are 15% of sales with bills received at end of month and paid 30 
days after receipt. 

Administrative costs are 10% of sales and paid in month they occur. 

Determine the pretax cash flows for the first and subsequent years, ignoring depreciation 
and taxes. 

Solution: Consider the initial year first. Sales are projected at $1,000,000, but with a 
60-day collection period, cash received can only be expected to be $833,333. Materials 
cost $25,000 per month and a 2-month safety stock is required. With payment in 30 days, 
the first year cost would be $50,000 plus $25,000 X 11 months, or $325,000. Monthly 
labor costs amount to $20,833. With a 2-week lag in payment, the first-year cost is 
$229,163, with the next salary payment due 2 weeks after the start of the second year of 
operation. Utilities and fuels cost $12,500 per month. A 30-day payment lag results in a 
first-year cost of $137,500. Administrative costs are paid in the month they occur, so the 
yearly cost is $100,000. The first year is summarized as follows: 


Cash receipts 

$833,333 

Materials 

- 325,000 

Labor 

- 229,163 

Utilities and fuel 

- 137,500 

Administrative costs 

- 100,000 

Earnings before depreciation 

and taxes 

$ 41,670 

In subsequent years the cash flows would be as follows: 

Cash receipts 

$1,000,000 

Materials 

- 300,000 

Labor 

- 250,000 

Utilities and fuel 

- 150,000 

Administrative costs 

- 100,000 

Earnings before depreciation 

and taxes 

$ 200,000 


□ 


Whenever a plant is expanded or a new operation undertaken, lower 
earnings and cash flow may result during the initial period of operation. In 
addition to the lags in collections and payments, start-up costs may also reduce 
profitability. 
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SUMMARY 

Accurate estimates of cash flows, including all provisions for depreciation 
and taxation, are essential as inputs to the evaluation of proposed capital 
expenditures. In this chapter we have described how the cash flows are computed 
based on cost estimates. We further examined the implications of outright sale of 
used assets versus trade-ins and the lags in expenditures and receipts in new 
plant start-up. 

Throughout the chapter we have emphasized that capital budgeting deci¬ 
sions are based upon the evaluation of relevant incremental benefits and costs 
affected by the project under consideration. In each instance, we estimate the 
costs and anticipated revenues relating to the project within the context of the 
firm as a whole. 

QUESTIONS/PfcOBLEMS 3 

- --■■ i -rr.'.-.. .»■.' =. 


1. A corporation is considering replacing an older truck with a newer model, which, 
owing to more efficient operation, will reduce operative costs from $20,000 to $16,000 
per year. Sales are $30,000 per year. The old truck cost $30,000 when purchased 
nearly 5 years ago, had an estimated useful life of 15 years, zero salvage value, and is 
being depreciated straight-line. At precent, its market value is estimated to be 
$20,000, if sold outright. The new truck costs $40,000 and would be depreciated 
straight-line to a zero salvage value over a 10-year life. The corporation has a 46% 
marginal tax rate. Determine the following. 

(a) The cash outflow required to acquire the new truck assuming the old truck is sold 
at the present time. 

(b) The yearly cash flows from operations resulting from the old truck and the new 
truck. 

(c) Summarize the cash flows and calculate the differential cash flows over the 
10 -year period. 

2. Consider Problem 1 with the following changes: The old truck cost $40,000 and had 
a $10,000 projected salvage value. Determine (a), (b), and (c) as in Problem 1. 

3. Consider Problem 1 with the following changes: The old truck has useful life of 10 
years, but with increased maintenance of $1,000 per year could be operated for 
another 5 years. Determine (a), (b), and (c) as in Problem 1. 

4. Consider Problem 1 with the following changes: The old truck has useful life of 10 
years and could be sold for a projected salvage value of $10,000 at the end of its 
useful life, or $20,000 at present. Determine (a), (b), and (c) as in Problem 1. 

5. Consider Problem 1 with the following changes: The old truck cost $30,000 and had 
an expected 10-year life with negligible salvage value. The old truck could be rebuilt 
at the end of its 10-year life to operate at its current level of efficiency for another 5 
years. This would cost $10,000, which would be depreciated straight-line to zero 
salvage. The old truck could be sold at present for $15,000. The salvage value of the 
truck when 15 years old is also expected to be negligible. Determine (a), (b), and (c) 
as in Problem 1. 

6. A corporation has decided to purchase a new machine for their business. The 
following are the facts relating to the disposal of the old machine and purchase of the 
new: 

L The original cost of the old machinery was $2,000,000. 

2. The book value of the old machinery is $400,000 and it can be traded in for 
$900,000. It is fully depreciated. 

3. The cost to remove the old machinery is $30,000. 

3 Unless otherwise noted, be sure to consider' the investment tax credit. 
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4. The cost for the new machine is $3,500,000. 

5. Wiring by a contractor will cost $15,000. 

6. The cost of installation by an outside contractor is $145,000. 

7. The legal fees are $115,000. 

8. The costs of wiring, installation, and legal fees will be capitalized. 

9. The added working-capital requirements are $50,000. 

10, The depreciation method used for financial and tax accounting is straight-line. 

11, The marginal tax rate is 46%. 

12, The expected useful life of the new machine is 20 years. 

Determine the out-of-pocket cost to purchase the new machine. 

7, Suppose in Problem 6 that the old machine is sold for $750,000 rather than traded in. 
Determine the net cash outflow to purchase the new machine. 

8, Referring to Problems 6 and 7, determine the depreciable base for the new machine, 
for tax purposes only, for both the trade-in and sale. 

9, A corporation purchased new equipment costing $200,000 to support a new product 
line. The equipment has a 5-year life with negligible expected salvage value and will 
be depreciated based on an ACRS 3-year life. Additional first-year sales are expected 
to be $175,000 with fixed costs (not including depreciation) of $25,000 and variable 
costs of $35,000. General and administrative costs are estimated to be 15% of Sales. 
Sales and variable and administrative costs are expected to increase at 10% per year. 
If the corporation’s marginal tax rate is 46%, determine the after-tax profit and cash 
flow of each year, the cash outflow required to purchase the equipment, and the NPV 
based on a 14% discount rate and ACRS rates applicable to 1984. 

10. A2Z Corporation is expanding its Hoboken, New Jersey, chemical cleaning-products 
plant in order to increase sales and market share. Construction will be completed in 
September and the plant will be in full operation October 1. A tabulation of 
projected incremental costs and revenue is shown below. Determine the incremental 
cash flows for the first 2 years (ignoring depreciation and taxes). 


Item 

$ / Year 

Notes 

Sales 

$2,520,000 

See collection experienced 

Raw material A 

408,000 

3 months initial stock (includes per¬ 
manent 2 months safety stock), required 
payment net 30 (end of month). 

Raw material B 

144,000 

2 months initial stock required 
(includes permanent 1 month safety 
stock), payment net 30 (end of month). 

Miscellaneous raw materials 

180,000 

Average 1 month stock required, 
net 25. 

Electricity 

9,600 

Net 25 (first billing Nov. 1). 

Fuel oil 

12,000 

Net 30 (first billing Nov. 1). 

Water 

6,000 

Net 30 (first billing Nov. 1). 

Labor, hourly 

144,000 

Paid weekly, 1-week lag. 

Salaried supervision 

60,000 

Paid monthly on last working day. 

Packages, containers, and so on 

210,000 

2 months initial supply required 
(includes permanent 1 month safety 
stock) net 30 (end of month). 

‘Collection experience on sales: 1st month 20%, 2nd month 70%, 3rd month 10%. 


11. ERTA permits expensing a limited amount of depreciable equipment each year. 
Suppose that $10,000 could be expensed this year or depreciated by ACRS over 5 
years. Consider two discount rates, 8% and 10%, and determine the present value of 
the difference tax shields assuring a 46% marginal tax rate. Assume the investment 
tax credit will affect tax liabilities due presently. 
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iNTRodudioN to Risk ANAlysis 


During the first part of our study of capital investments (in Part II of the text), 
we assumed that any decisions involving investments would not alter the risk 
complexion of the firm. This is not to say that we were operating under 
conditions of certainty, but rather that we held risk constant. However, it is a 
truism that it is frequently difficult to make either short- or long-term estimates 
of the cash flows for capital investments with a high degree of accuracy. As a 
consequence, in this and the following chapters, we examine capital investment 
decisions under conditions of risk and uncertainty. Initially, we direct our 
attention to individual projects and then to portfolios of projects. 


CERTAINTY, RISK, AND UNCERTAINTY 


Up to this point we have assumed that projects being considered have a risk 
posture consistent with that of the firm overall. This meant that the acceptance 
of projects would not change the firm’s risk complexion (i.e., risk has been held 
constant). A decision-maker may be faced with conditions of certainty, risk, or 
uncertainty, these are differentiated below: 

Certainty postulates that the decision maker knows in advance the precise 
values of all the parameters possibly affecting the decision. 

Risk postulates that the decision-maker is (1) aware of all possible future 
states of the economy, business, and so on, which may occur and 
thereby affect relevant decision parameters and (2) able to place a 
probability on the value of the occurrence of each of these states. 
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Uncertainty postulates that the decision-maker (1) may not be aware of all the 
possible states that affect the decision, and/or (2) may not be able to 
place a probability on the occurrence of each. 

We deal with conditions of certainty and risk, assuming for the present that 
it is possible to reduce problems under conditions of uncertainty to those of risk 
by collecting additional data (at some cost). We recognize that techniques such 
as adaptive and optimal control processes, heuristic programming, and artificial 
intelligence methods are currently being developed to deal with capital invest¬ 
ment evaluation under conditions of uncertainty. Although we shall not deal 
with any of these, we expect, as they become more fully developed, that they will 
become an integral part of the risk analysis methodology. 

At this juncture it is useful to review the general kinds of risk faced by 
financial managers. Although the types of risk tend to be interrelated, it is 
helpful in financial planning, decision making, and control to identify various 
categories. We shall refer to these in this and the following chapters as we 
examine the capital investment decision under conditions of risk. 

1. Business risk is the variability in earnings that is a function of the firm’s 
normal operations (as impacted by the changing economic environment) and 
management’s decisions with respect to capital intensification. The use of more 
capital equipment (increasing operating leverage) generally results in higher 
fixed costs and thereby increases the variability of earnings before interest and 
taxes (EBIT) with output (as measured by the degree of operating leverage). It 
should be noted that business risk considers only the variability in EBIT, and 
does not consider the effect of debt or other financing on the firm’s risk posture. 
Although business risk encompasses the variability in earnings due to economic 
changes and management investment policies, it is instructive to view these as 
investment and portfolio risk. 

2. Investment risk is the variability in earnings due to variations in the cash 
inflows and outflows of capital investment projects undertaken. This risk is 
associated with forecasting errors made in market acceptance of products, future 
technological changes, degree of intertemporal relationship of cash flows, changes 
in costs related to projects, and other environmental risks discussed below. 

3 . Portfolio risk is the variability in the earnings due to the degree of efficient 
diversification that the firm has achieved in its operations and its overall 
portfolio of assets. The risk is reduced by the firm seeking out capital projects 
and merger candidates that have a low or negative correlation with their present 
operations. The full impact of portfolio effects is discussed in Chapter 14. 

4. Cataclysmic risk is the variability in earnings that is a function of events 
beyond managerial control and anticipation. Such events would include expro¬ 
priation, erratic changes in consumer preferences, severe energy shortages, and 
the like. 

5. Financial risk is the variability in earnings that is a function of the 
financial structure and the necessity of meeting obligations on fixed-income 
securities. The use of more debt or preferred stock (increasing financial leverage) 
results in greater obligatory payments and thereby increases the variability of 
earnings after taxes (EAT) and earnings per share (EPS) (as measured by the 
degree of financial leverage). 
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Business and financial risk and the effects of operating and financial 
leverage were discussed in Chapter 8. Our next objective is to discuss methods of 
measuring expected return and the possible dispersion of return resulting from 
the various risks facing the firm. 


RISK AND RETURN 

Since risk is an inherent part of almost all capital investment decisions, it is 
necessary to consider it as well as the expected return associated with various 
decision alternatives. The probability distribution, which describes all possible 
outcomes, must be defined along with the mean or expected value of cash flows 
in order to evaluate alternative courses of action. The expected value of a 
probability distribution is defined in Equation (1): 

1 (*•■*) (i) 

_ i= 1 

where R — expected value 

/?• = return associated with the z'th outcome 
P — probability of occurrence of the z'th outcome 
N— number of possible outcomes 

Calculation of the expected return for an investment is demonstrated in Exam¬ 
ple 1. 


□ EXAMPLE 1 Expected Return 

A financial manager faces conditions of risk in terms of economic strength in the 
coming year. Three different states may occur: strong economy with probability 0 3- 
moderately strong economy, 0.5; and weak economy, 0.2. Three alternative 1-year 
investments are under consideration offering returns as follows: 


Expected Investment Outcomes 


State of Economy 

Probability 

A 

B 

.c. 

Strong 

0.3 

$1,800 

$1,600 

$2,000 

Moderately strong 

0.5 

1,500 

1,200 

1,600 

Weak 

0.2 

800 

1,000 

900 


Determine the expected return for project A. 

Solution: For investment A : 

i?= (0.3)($1,800) h(0.5)($l,500) + (0.2)($800) 

- $540 + $750 + $160 
= s $ 1,450 

The mean return for investment A is $1,450. This return is determined by weighting the 
return for each state of the economy by its respective probability of occurrence The 
expected return for investment B is $1,280 and for investment C is $1,580. □ 
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The amount of variability or dispersion that is present in the probability 
distribution of returns associated with a decision alternative is referred to as the 
risk of that decision alternative. There are several measures of risk that have 
been advocated for use by financial managers. Statisticians speak of both absolute 
and relative measures of risk (variability or dispersion). Absolute measures of dispersion 
include the range, mean absolute deviation, variance, standard deviation, and 
semivariance. The relative measure of dispersion is the coefficient of variation . Each of 
these measures is defined in equation form: 

R s = R h -R, ( 2 ) 

where R g = range of the distribution 

R h = highest value in the distribution 
R t = lowest value in the distribution 

MAD= ( 3 ) 

I- 1 

where MAD is the mean absolute deviation; 

o 2 -'LP i (R-Rf W 

i = l 

where o 2 is the variance of the distribution; 

c- ^ ZP^R-Rf ( 5 ) 


where a is the standard deviation; 

SV= I Pj{Rj-R)‘ 


K 

I 

j-i 


( 6 ) 


where SV= semi variance 

j = index set, which includes all values of the random variable that are 


less than the expected value 
£= number of outcomes less than the expected value 


_ a 

V ~~E 


( 7 ) 


where v is the coefficient of variation. 

The calculation of the various measures of risk or dispersion is demonstrated 
in Example 2. 


□ EXAMPLE 2 Measurement of Risk 

Using the information in Example 1, determine the value for each measure of risk 
defined above for investment A. 

Solution: 

R g — range = $1,800 — $800 = $1,000 

This value simply means that there is a $1,000 difference between the lowest return that 
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could be earned with investment A and the highest possible return. The range for 
investment B is $600 and for investment G is $1,100. 

MAD - (0.3)0*1,800- $1,4501) + (0.5)(|»1,500 - *1,4501) + (0.2)(| $800 - *1,4501) 
= (0.3)(S350) + (0.5)(*50) + (0.2)(*650) 

= *260 

The MAD’s for investments B and C are *192 and *272, respectively. MAD shows that 
average variability of the values of the distribution from the mean without regard to the 
sign of the deviation. 

° 2 = (0.2)($800 ~ $1,450) 2 4- (0.5)($1,500 ~ $1,450) 2 4- (0.3)($1,800 ~ $1,450) 2 

= (0.2)(— $650) 2 4- (0.5)($50) 2 4- (0.3)($350) 2 
= 122,500 

o - * $350 

The standard deviation is a measure of how representative the expected return is of the 
?ntire distribution. The larger the standard deviation, the less representative the mean is 
because of the greater scatter around the mean. The variance and standard deviation for 

“ ent B are 49,600 and $222.71, respectively, and for investment C are 145,600 and 
$381.58. 

The final absolute measure of dispersion is the semivariance, which is similar to the 
variance but looks only at deviations below the mean, since these are the unfavorable 
deviations that quantify the downside risk. 

SV = (0.2)(*800 - *1,450) 2 = (0.2)(422,500) 

■* 84,500 

Note that the downside risk as measured by the semivariance is about 70% of the 
!°oo Jnx na ^ Hty “ measured hy the variance for investment A (84,500 as compared to 
Finally ^ SemivananCe for investments B and C are 18,880 and 92,480, respectively. 

$350 

"“IM50* 0 ' 2414 

The coefficient of variation is 0.2414 for investment A and 0.1742 and 0.2418 for 
investments B and G, respectively. The coefficient of variation shows the amount of risk 
(as measured by the standard deviation) per dollar of expected return. That is, the lower 
the coefficient of variation, the smaller is the amount of relative risk. When evaluating 
alternatives that have different expected returns, a relative measure of variability such as 
the coefficient of variation is required to accurately compare the riskiness of the alterna- 
trves. p 

The expected value of return and measures of risk for all three investments 
are as follows: 

Comparison of Expected Return and Risk 
for Three Investment Alternatives 


Expected return 
Range 

Mean absolute deviation 
Variance 

Standard deviation 
Semivariance 
Coefficient of variation 


Investment A 

Investment B 

Investment C 

$1,450 

$1,280 

$1,580 

$1,000 

$600 

$1,100 

$260 

$192 

$272 

122,500 

49,600 

145,600 

$350 

$223 

$382 

84,500 

18,880 

92,480 

0.2414 

0.1742 

0.2418 
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Given the expected value and various measures of risk surrounding each 
investment, we now interpret the measures within the context of Example 2. The 
range simply measures the total variability in possible returns for each invest¬ 
ment. It establishes the upper and lower limits of possible outcomes. It is rarely 
used in practice because it (1) considers only the extremal values (and, by 
default, ignores all the others) and (2) ignores the probabilities attached to any of 
the values within the distribution. 

The variance, its counterpart the standard deviation, and MAD all measure 
dispersion in terms of the probabilities associated with each possible outcome. 
The variance and standard deviation are preferred in decision making under 
conditions of risk, since the value provided by MAD is distorted by disregard for 
the signs of the deviations of each value from the mean. As a practical matter, the 
standard deviation is used most commonly as it has the same units as the original variable and 
is the measure of dispersion used with the expected value to characterize several distributions, 
including the normal distribution. The semivariance is a special case of the variance, 
used to measure downside risk. Advocates of the semivariance say that deviations 
above the mean add to an investment’s attractiveness, but since investors 
frequently tend to avoid downside risk, only deviations below the mean need be 
quantified. Risk aversion will be further addressed in the following sections. 

Thus far, our discussion has been limited to measures of absolute dispersion. 
While these are statistically valid, their use in financial decision making requires 
evaluation of risk within the framework of the expected return. Therefore, it is 
necessary to simultaneously consider both risk and return by means of the 
measure of relative dispersion, the coefficient of variation. Refer to the preceding 
table and note that investments A and G have equal coefficients of variation, 
indicating equal risk per dollar of expected return, whereas investment B has a 
significantly lower coefficient of variation, indicating a lower risk per dollar of 
expected return. 

Given all the above, which of the three alternatives should the financial 
manager select? In this problem setting, as in most under conditions of risk, the 
statistics provide additional information about the alternatives, but they do not 
specify which should be selected by all decision-makers. None of the alternatives is 
dominant , which would mean that it simultaneously has a higher expected value and a lower 
level of risk. The final decision would have to be made in terms of the decision- 
maker’s utility function, that is, his or her specification of preferences considering 
all relevant aspects of the problem setting. We present a formal discussion of 
utility theory, after a brief introduction to tree diagrams and decision trees. 


DECISION TREES 

A technique that has been recommended to handle complex, sequential 
decisions over time involves the use of decision trees. A decision tree is a formal 
representation of available decision alternatives at various points through time 
which are followed by chance events that may occur with some probability. A 
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ranking of the available decision alternatives is usually achieved by finding the 
expected returns of the alternatives, which merely requires multiplying the 
returns earned by each alternative for various chance events by the probability 
that the event will occur and summing over all possible events. To illustrate the 
use of decision trees in a very simple problem setting, consider Example 3. 


□ EXAMPLE 3 Decision Tree Example 

A firm is considering three alternative single-period investments, A, B, and C, whose 
returns are dependent upon the state of the economy in the coming period. The state of 
economy is known only by a probability distribution: 

State of the Economy Probability 


Fair 

0.25 

Good 

0.40 

Very good 

0.30 

Super 

0.05 


1.00 


The returns for each alternative under each possible state of the economy are as follows: 


State of the Economy 


Alternative 

Fair 

Good 

Very 

Good 

Super 

A 

$10 

$40 

$ 70 

$ 90 

B 

- 20 

50 

100 

140 

C 

- 75 

60 

120 

200 


Use a decision tree to evaluate the three alternatives. 

Solution: The decision tree for this problem is shown in the table. Notice that we 
have followed the somewhat standard convention of using a square node to represent 
decision alternatives and round nodes to show chance events. On the far right side of the 
tree, the returns for each state of the economy have been weighted by the probability that 
the state will occur. The sum of these values for all possible states of the economy is the 
expected return associated with each of the three decision alternatives. Thus, once the 
decision tree has been “folded back,” the selection of the alternative that maximizes 
expected return is immediate. 


Decision Expected 

Alternative Return 


A $44.00 

B $52.00 

C $51.25 


Alternative B maximizes the expected return, alternative C is a close second, and 
alternative A is a rather distant third. □ 
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Decision State of Probability of Return Weighted 

Alternative the Economy State of Economy Earned Return 


fair 



0.25 

$10 

$ 2.50 

0.40 

40 

16.00 

0.30 

70 

21.00 

0.05 

90 

4.50 


E(R a ) 

= $44.00 

0.25 

—$20 

-$ 5.00 

0.40 

50 

20.00 

0.30 

100 

30.00 

0.05 

140 

7.00 


E(R b ) 

= $52.00 

0.25 

—$75 

-$18.75 

0.40 

60 

24.00 

0.30 

120 

36.00 

0.05 

200 

10.00 


E(R C ) 

= $51.25 


The decision-tree analysis illustrated in Example 3 is an initial step in the 
evaluation of investments. Of course, several additional dimensions of the 
problems cry out for further analysis: 

/. The degree of risk associated with each of the alternatives, as computed 
by one or more of the six measures illustrated in the previous section. 

2 . The requisite performance of sensitivity analysis by determining both of the 
following factors: 

(a) the degree to which the estimated probabilities of the various states of the 
economy would have to change in order for the current “optimal” solution to be 
no longer optimal; 

(b) the extent to which the estimated returns associated with the alternatives 
and the states of the economy would have to change in order for the current 
optimal solution to no longer be optimal. 

3. The need to consider the multiperiod returns on capital projects with 
their resulting effects on the risk of the project over its life. 

4 . The need to consider the utility that the firm attaches to each of the 
alternatives based on the firm’s goals, risk posture, risk-return preferences, and so 
on. (Again, the area of utility theory will be discussed momentarily.) 

Later chapters will treat each of these four aspects in detail. However, as a 
preview of the later analysis and in order to illustrate the usefulness of decision 
trees, we present the following elaborations. 

There is a technical difference between the problems handled with tree 
diagrams and those handled with decision trees. Tree diagrams are used to 
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evaluate a single project over one or more periods, where returns on the project are 
based on chance events that can be conditioned on prior outcomes. Decision trees 
are used to select the best project from among two or more projects based on chance 
events. 

Using either tree diagrams or decision trees enables the analyst to compute 
the mean and standard deviation of a project’s discounted cash flows with 
models that have been recommended in the literature. 1 Namely, the expected 
discounted cash inflow {A) for a project is determined using Equation (8): 

_ M 

A,P, ( 8 ) 

s — 1 

The standard deviation of the discounted cash inflows is determined using 
Equation (9): 


°A 


M 

£ U-a) 2 p s 


( 9 ) 


where Aj= discounted cash inflow associated with series s in the distribution 

A\ — discounted cash inflow which occurs in series s during period t 
P s = joint probability of a single-line series s> which equals: 


n*\) 


N 


n^{ 4i4-i} 


s — given series in the distribution 
t = given period in the life of the project 
M= number of line series in the distribution 
N— number of periods in the life of the project 

It should be noticed that P s is a joint probability, which is found by multiplying 
several conditional probabilities for successive chance events. Computation of 
these parameters is illustrated in Example 4. 


□ EXAMPLE 4 Tree Diagram for Three-Period Project 

Consider project P, which has a three-period useful life. The financial analyst feels 
that a tree diagram and Equations (8) and (9) are the most efficient and accurate ways to 
evaluate the project. 

The possible cash inflows for each period (which are already discounted back to the 
present) and their associated probabilities are as follows: 

‘See J. F. Magee, “How to Use Decision Trees in Capital Investments,” Harvard Business Review 
(September-October 1964), pp. 79-96; and R. D. Hespos and P. A. Strassmann, “Stochastic 
Decision Trees for the Analysis of Investment Decisions,” Management Science (August 1965), pp. 
244-259. 



168 Part IV: Risk Analysis and Capital Budgeting 


Period 1 
A\P{A\) 


Period 2 Period 3 

A s 2 P{A s 2 \A\} A\P{A\\A s 2 } 


$40 (0.3) 



$100(0.7) 



$30 (0.3) 
$60 (0.5) 

$80 (0.2) 

$70(0.4) 

$120(0.5) 



$ 50(0.7) 
60 (0.2) 
70(0.1) 
80(0.3) 
100(0.6) 
110 ( 0 . 1 ) 
60(0.2) 
120(0.4) 
150(0.4) 
90(0.25) 
100 (0.60) 
115 (0.15) 
110(0.05) 
140(0.45) 
170(0.50) 


$160 (0.1) 



105 (0.1) 
175 (0.7) 
225 (0.2) 


Using these data, determine the expected discounted cash inflow and its standard 
deviation. 

Solution: 


Period 1 Period 2 Period 3 

Senes - 



A', 

P{A)} 

A s 2 


A s 3 

p{a'AA’ 2 ) 

V 

Wi 

II 

P s 

(A t XPJ 

1 

$ 40 

0.3 

$ 30 

0.3 

$ 50 

0.7 

$120 

0.063 

$ 7.56 

2 

40 

0.3 

30 

0.3 

60 

0.2 

130 

0.018 

2.34 

3 

40 

0.3 

30 

0.3 

70 

0.1 

140 

0.009 

1.26 

4 

40 

0.3 

60 

0.5 

80 

0.3 

180 

0.045 

8.10 

5 

40 

0.3 

60 

0.5 

100 

0.6 

200 

0.090 

18.00 

6 

40 

0.3 

60 

0.5 

110 

0.1 

210 

0.015 

3.15 

7 

40 

0.3 

80 

0.2 

60 

0.2 

180 

0.012 

2.16 

8 

40 

0.3 

80 

0.2 

120 

0.4 

240 

0.024 

5.76 

9 

40 

0.3 

80 

0.2 

150 

0.4 

270 

0.024 

6.48 

10 

100 

0.7 

70 

0.4 

90 

0.25 

260 

0.070 

18.20 

11 

100 

0.7 

70 

0.4 

100 

0.60 

270 

0.168 

45.36 

12 

100 

0.7 

70 

0.4 

115 

0.15 

285 

0.042 

11.97 

13 

100 

0.7 

120 

0.5 

110 

0.05 

330 

0.0175 

5.775 

14 

100 

0.7 

120 

0.5 

140 

0.45 

360 

0.1575 

56.70 

15 

100 

0.7 

120 

0.5 

170 

0.50 

390 

0.175 

68.25 

16 

100 

0.7 

160 

0.1 

105 

0.1 

365 

0.007 

2.555 

17 

100 

0.7 

160 

0.1 

175 

0.7 

435 

0.049 

21.315 

18 

100 

0.7 

160 

0.1 

225 

0.2 

485 

0.014 

1.000 

6.79 

$291,725 


18 


A - £ A S P S = $291,725 
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It should be pointed out that in the first table, the A s column is the sum of the three 
columns A u A 2 , and A 3 ; furthermore, the P s column is the product of the three 
probabilities {P{A\})(P{A S 2 \A\})(P{A S 3 \A S 2 }) and that the latter two probabilities are 
conditional on prior period outcomes. 

The following table is helpful in computing o A : 


Series 

4 

A s -A 

1 

$120 

-$171,725 

2 

130 

- 161.725 

3 

140 

- 151.725 

4 

180 

- 111.725 

5 

200 

- 91.725 

6 

210 

- 81.725 

7 

180 

- 111.725 

8 

240 

- 51.725 

9 

270 

- 21.725 

10 

260 

- 31.725 

11 

270 

- 21.725 

12 

285 

- 6.725 

13 

330 

38.275 

14 

360 

68.275 

15 

390 

98.275 

16 

365 

73.275 

17 

435 

143.275 

18 

485 

193.275 


Now, 


(A s -A) 2 p s (A s ~A) 2 P t 


29,489.476 

0.063 

$1,857,837 

26,154.976 

0.018 

470.790 

23,030.476 

0.009 

207.184 

12,482.476 

0.045 

561.711 

8,413.476 

0.090 

757.213 

6,678.976 

0.015 

100.185 

12,482.476 

0.012 

149.790 

2,675.476 

0.024 

64.211 

471.976 

0.024 

11.327 

1,006.476 

0.070 

70.453 

471.976 

0.168 

79.292 

45.226 

0.042 

1.899 

1,464.976 

0.0175 

25.637 

4,661.476 

0.1575 

734.182 

9,657.976 

0.175 

1,690.146 

5,369.226 

0.007 

37.585 

20,527.726 

0.049 

1,005.859 

37,355.226 

0.014 

522.973 


1.000 

$8,348,274 


\/8,348.274 


= $91.37 

Thus, the expected discounted cash inHow for project P is $291.73, and the standar 
deviation of the cash inflows is $91.37. These values for A and o A are used to determine 
this project is sufficiently attractive to be undertaken by the firm evaluating it. I 


Next we turn to an introduction to utility theory, which is the premier 
criterion for decision-making under risk. 


UTILITY THEORY 


As discussed above, the relaxation of the certainty assumption necessitates 
consideration of both the expected return and risk criteria for evaluating decision 
alternatives. However, decision-makers will view varying degrees of risk and 
return differently, hence will select divergent decision alternatives. Utility theory 
is an attempt to formalize rational decision-making, wherein preferences among 
alternatives are specified by a given decision-maker. The utility value attached 
to various alternatives represents an integration of all aspects relevant to the 
decision. 

In this section we provide an introduction to the theory of utility analysis. 
<Jur particular interest lies in its application to the trade-off between risk and 
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return, which is developed further in Chapter 13 in our coverage of certainty 
equivalents. The treatment of utility theory contained herein is very brief. The 
reader should refer to Appendix A for a list of additional readings on this 

SU ^When faced with a decision, the decision maker must consider the following 
within the framework of personal preferences. 


1. The opportunity set of all relevant goals and objectives. 

2. The hierarchy of goals and acceptable trade-offs of goals within the 

hierarchy. r , 

3. The perceptions of risk per se and risk-return preference (i.e., the 

incremental expected return required to justify acceptance of an additional unit 


4 . The preferences for current versus future consumption as affected by 
present wealth position, liquidity requirements, and so on. 

In order to be able to specify and differentiate among various classes of risk 
preference (or aversion), it is useful to define the decision-maker’s utility function 
with respect to required return and risk. This necessitates acceptance of the 

axioms of coherence} 


L Given any two payoffs (which may involve nonmonetary, as well as 
monetary values), a decision-maker can specify preference of one over the other 
or indifference between the two. 

2 . If a given decision-maker prefers payoff P, to P 2 and P 2 to P 3 , then 
necessarily P, is preferred to P 3 (transitivity or consistency of preferences). 

3 . If a decision-maker prefers P 1 to P 2 and P 2 to P 3 , there is some 
probabilistic mixture of P x and P 3 that is preferred to P 2 , some other probabilis¬ 
tic mixture of P, and P 3 that is inferior to P 2 , and a third probabilistic mixture of 
P and P 3 that will leave the decision-maker indifferent relative to P 2 . 

4. If a decision-maker prefers P x to P 2 and P 3 is some other payoff, a 
probabilistic mixture of P x and P 3 will be preferred to the same probabilistic 

mixture of P 2 and P 3 . , 

5. If a decision-maker is indifferent between payoffs P 4 and P 5 , they may be 

substituted for each other in any decision setting. 

6. If a decision-maker prefers P x to P 2 , two probabilistic mixtures of P x and 
P 2 will find the former preferred if and only if the former has a larger proportion 
of P v 

If the decision-maker accepts the axioms of coherence, it is reasonable to 
assume that he or she will act to maximize utility. This means selection of those 
available decision alternatives that will lead to the greatest level of satisfaction. 
Since preferences are necessarily subjective, the exact specification of a decision- 
maker’s utility function is fraught with operational difficulties. Further, individ¬ 
ual utility preferences are likely to change over time. However, we can specify 
three general catagories of decision-makers based on their risk preferences: 
risk-averse, risk-indifferent, and risk-taking. The utility functions for each cate¬ 
gory of decision-maker are shown in Figure 12-1. 


2 Robert L. Winkler, Introduction to Bayesian Inference and Decision (New York: Holt, Rinehart, and 
Winston, Inc., 1972), pp. 260-264. 
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With respect to risk, decision-makers may be classified as follows: 

1. Risk-averse decision-makers have decreasing marginal utilities for increases 
in wealth. For the risk-averse decision-maker, the chances to enjoy additional 
wealth are less attractive than the possibility of the pain associated with a 
decrease in wealth or income. 

2 . Risk-mdifferent decision-makers have constant marginal utilities; hence 

their utility curves are linear. ’ 9 

3 * Risk-taking decision-makers have increasing marginal utilities for larger 
potential increases in wealth. 

Within each of the three catagories, decision-makers demonstrate varying 
degrees of preference or aversion to risk. Thus, we can anticipate a different 
utility function for each individual decision-maker. Further, each decision maker 
has a whole family of nonintersecting utility curves, showing successively higher 
levels of satisfaction. To maximize expected utility, the decision-maker will strive 
to achieve the highest feasible curve within the available alternatives and 
constraints. 

Within the arena of capital investment decision making, experience indicates 
that the great majority of managers are risk-averters, but again the specific 
degree of aversion varies Over a wide spectrum. Figure 12-2 shows risk-return 
utility functions (indifference curves) for two managers. Manager A is less 
risk-averse than manager B. Both managers are willing to accept a 6% risk-free 
rate of return, but manager B requires increasingly greater returns as risk 
increases than does manager A. Thus, Figure 12-2 shows the risk-return 
preferences for two managers at one point in time. 

. ^ described above, each manager has a whole set of indifference curves 

indicating successively higher levels of satisfaction. Such a family of indifference 
curves is shown in Figure 12—3. As we move up and to the left, each curve 
indicates a higher level of satisfaction. 

Given the risk-return preferences, we are now in the position to discuss 
methods used to compensate for risk in the capital investment process. There are 
three formal approaches commonly used to incorporate risk into the analysis: the risk-adjusted 
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FIGURE 12-2 Risk-Return Indifference Curves 



FIGURE 12-3 A Family of Indifference 
Curves for One Manager 



discount rate technique , the certainty equivalent method , and the capital asset pricing model. 
The first two approaches are discussed in the next chapter and the third is 
treated in Chapter 17. 


SUMMARY 

This chapter provides an introduction to risk analysis. We first define 
conditions of certainty, risk, and uncertainty, as well as five major types of risk 
faced by financial managers. Next, we present several alternative measures that 
are helpful in quantifying risk. Following this, we illustrate the use of decision 
trees and tree diagrams in handling conditions of risk. Finally, we introduce the 
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important area of utility theory. Although there are practical problems related to 
the use of utility theory, it provides a strong conceptual foundation for financial 
decision making under conditions of risk. 


QUESTIONS/PROBLEMS 

- —- --- ----- - US . .. ..SI. 

/. Contrast conditions of certainty , risk, and uncertainty. 

2. Discuss the characteristics of the six major measures of risk introduced in this chapter. 

3. Discuss the difference between the types of problems handled by decision trees and 
those handled by tree diagrams. 

4. Discuss the strengths and weaknesses of utility theory in decision making under 
conditions of risk. 

5. A petrochemical company had two investment proposals under the following states of 
the economy: normal, deep recession, mild recession, minor boom, and major boom. 
The probabilities of various states of the economy are as follows: 


Proposal A Proposal B 


State 

Probability 

Cash Flow 

Probability 

Cash Flo w 

Deep recession 

0.10 

$3,000 

0.10 

$2,000 

Mild recession 

0.20 

3,500 

0.20 

3,000 

Normal 

0.40 

4,000 

0.40 

4,000 

Minor boom 

0.20 

4,500 

0.20 

5,000 

Major boom 

0.10 

5,000 

0.10 

6,000 


Determine the following. 

(a) Expected return. 

(b) Mean absolute deviation. 

(c) Variance. 

(d) Standard deviation. 

(e) Semivariance. 

(f) Coefficient of variation. 

Interpret the measures. 

6. A hospital administrator is faced with the problem of having a limited amount of 
funds available for capital projects. She has narrowed her choice down to two pieces of 
X-ray equipment, since the radiology department is the greatest producer of revenue. 
The first piece of equipment (project A) is a fairly standard piece of equipment that 
has gained wide acceptance and should provide a steady How of income. The other 
piece of equipment (project B), although more risky, may provide a higher return. 
After deliberation with the radiologist and director of finance, the administrator has 
developed the following table: 

Expected Cash Inflow per Year 

Probability Project A Probability _ Project B 

06 $2,000 0.2 $4,000 

0.3 1,800 0.5 1,200 

01 1,000 0.3 900 

Discovering that the Budget Director of the hospital is taking graduate courses in 
business, the hospital administrator has asked him to analyze the two projects and 
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make his recommendations. Prepare an analysis that will aid the Budget Director in 
making his recommendation. 

7. The Hatchet Company is evaluating four alternative single-period investment oppor¬ 
tunities whose returns are based on the state of the economy. The possible states of the 
economy and the associated probability distribution is as follows: 


State 

Fair 

Good 

Great 

Probability 

0.2 

0.5 

0.3 


The returns for each investment opportunity and each state of the economy are as 
follows: 


State of Economy 


Alternative 

Fair 

Good 

Great 

W 

SI,000 

S3,000 

S6,000 

X 

500 

4,500 

6,800 

Y 

0 

5,000 

8,000 

Z 

- 4,000 

6,000 

8,500 


(a) Using the decision-tree approach, determine the expected return for each alterna- 
tive. 

(b) As a method of performing sensitivity analysis on the decision tree drawn m part 
(a), it could be determined how much the probabilities of the various states of the 
economy would have to change in order for the best alternative currently to be 
replaced by one of the others. For this problem, consider the two alternatives with 
the highest expected returns (i.e., those ranked 1 and 2 by expected returns). 
Assume that the probability of a “great” economy will remain constant at 0.3. 
What would the probability of a “fair” and a “good” economy have to be in order 
for alternative 2 to become alternative 1? 

8. For the three-period project shown below, compute the expected value and the 
standard deviation for the discounted cash inflow over the project’s useful life. 

Period 1 Period 2 Period 3 

A\P{A\) A s 2 P{A s 2 \A\] A\P{A\\A\} 


$250(0.5) 
260 (0.3) 
270 (0.2) 

380 (0.1) 
400 (0.7) 
410(0.2) 

360(0.8) 
420 (0.1) 
450(0.1) 

390 (0.35) 
400(0.55) 
415 (0.10) 

510(0.3) 
540 (0.4) 
570 (0.3) 
605 (0.1) 
675 (0.7) 
750 (0.2) 
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9. The Wee Producem Company is deciding whether to introduce a new product on the 
market. At the present time they have two decisions to make: the overall decision of 
whether to introduce the product with additional production costs of $15,000,000 
versus dropping the project and simply suffer the loss of the $2,500,000 * already 
invested, or to do further market research at a cost of $1,500,000 and then make the 
introduction decision (with the same costs as above). Wee Producem estimates that the 
market research group will assign a probability of 0.7 that the product will be 
introduced. Because of the unusual nature of the product, only two final outcomes are 
possible: outcome A derives $40,000,000 profit while outcome B derives a $5,000,000 
loss. The present estimated likelihood of outcome A is 0.6 and 0.4 for outcome B. 

Determine the optimal strategy by using a decision tree to compare the expected 
returns of the different possible strategies. 


Project SeIectIon 

IhdER CoNdiTioNs of Risk 


In the previous chapter we provide the basics of measuring risk and decision¬ 
making under conditions of risk. We are now prepared to examine the evalua¬ 
tion of capital projects under conditions of risk. We illustrate the use of two 
models: the certainty equivalent method and the risk adjusted discount ap¬ 
proach. As we shall see, each method requires the computation of the expected 
value and the standard deviation of the distribution that quantifies the returns of 
the project over its useful life. 


CERTAINTY EQUIVALENT METHOD FOR RISK ADJUSTMENT 

The certainty equivalent method permits adjustment for risk by incorporat¬ 
ing the manager’s utility preference for risk versus return directly into the capital 
investment process. The method is especially useful when management perceives 
different levels of risk associated with the estimated annual cash flows over the 
life of a project. Given the limitations of economic forecasting, it is reasonable to 
assume that the estimates of cash flows during the early periods in a project’s life 
are likely to be more accurate than those corresponding to the latter years. It is 
just this reasoning that motivates many firms to rely on payback as a surrogate 
measure of risk to supplement the discounted-cash-flow methods. However, the 
formal methods discussed in this and the following sections overcome all the 
drawbacks associated with payback while permitting management to impute its 
risk preference directly into the capital budgeting decision. 

When the certainty equivalent method is used, the estimated annual cash 
flows (which represent the expected value of a probability distribution of returns) 
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are multiplied by a certainty equivalent coefficient (CEC), designated in equa¬ 
tion form as a. 

The CEC reflects management’s perception of the degree of risk associated 
with the estimated cash-flow distribution as well as management’s degree of 
aversion to perceived risk, as evidenced by their utility function. The product of 
the expected cash flow and the CEC represents the amount that management 
would be willing to accept for certain in each year of the project’s life as opposed 
to accepting the cash-flow distribution and its associated risk. Hence, the name 
certainty equivalent method. 

The CEC’s range in value from zero to 1. The higher values indicate a lower 
penalty assigned by management to that cash-flow distribution. A value of 1 
indicates that management does not associate any risk with the estimated cash 
flow and therefore is willing to accept the expected value of the cash-flow 
estimate as certain. Since the certainty equivalent method compensates for risk in its 
entirety , it is therefore appropriate to discount all certainty equivalent adjusted cashflows at 
the risk-free rate of return as opposed to the firm's cost of capital. The risk-free rate of 
return is that return normally associated with the return available from Treasury 
Bills, since these are short-term and have guaranteed return and principal 
repayment at maturity. The risk-free rate of return is an accurate representation 
of the time value of money given that the cash flows are not subject to 
variability. 

In our discussion of the NPV technique, we employed a cost of capital as the 
discount rate. The cost of capital reflected the normal risk posture of the firm and included 
the risk-free rate of return plus additional return requirements to compensate for the business 
and financial risk as defined above. Conversely, the certainty equivalent method 
compensates for business and financial risk with the CEC and then discounts at 
the risk-free rate. 

The certainty equivalent model is defined in Equation (1): 


CE= £ 


«t*t 


i = 0 (1 + i) 1 


( 1 ) 


where CE= expected certainty equivalent value over the life of the project 
R t — expected cash flow in period t 

a t = certainty equivalent factor which converts the expected risky cash 
flow R ( into its perceived certainty equivalent value 
f = risk-free rate which is assumed to remain constant over the life of the 
project 

n = number of years in the project’s life 


The value of the certainty equivalent coefficient is one only for risk-free 
investments, such as Treasury Bills. The values for the certainty equivalent 
coefficients corresponding to projects falling within the firm’s normal risk posture 
are less than 1. 

Note again that the NPV approach lumps together the discounting for time and the 
adjustment for risk, whereas the certainty equivalent method disaggregates the two by 
adjusting for risk with the a factor and discounting for the time value of money at the risk-free 
rate. 
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In utilizing the certainty equivalent method, it is important to have a valid 
approach for approximating the certainty equivalent coefficients. One procedure 
for ascertaining CEG values for different time periods is to undertake a historical 
review of project performance. Projects are first divided into general categories, 
such as normal replacement, expansion, and R and D. Then, within each 
category, on a year-by-year basis, the measures of risk and return are de¬ 
termined. The result is a probability distribution of cash flows by year of project 
life, from which the coefficient of variation may be obtained. The CEC for each 
year and each category of project would then be assigned according to the 
magnitude of the coefficient of variation weighted by managers’ preference for 
risk aversion. An example of the result of dividing projects into categories, 
determining coefficients of variation based on historical preference, and assigning 
CEC’s is shown in Table 13-1 for a 4-year period based on the utility preferences for 
one firm at a point in time. It should be noted that the logical choice for categories 
of investments is predicated on the historical values of the coefficient of variation. 
Thus, in Table 13-1, “Replacement investment—category I” groups all projects 
of that type that normally have a coefficient of variation in year 1 of less than 
0.10. However, from year to year over a project’s life, it is possible for the project 
to change categories. That is, its projected CEC is determined based on the 
expected coefficient of variation for each year of the project’s life. Further, the 
factors are for a point in time given a risk-free rate of return and cost of capital. 
A change in the risk-free rate, cost of capital, or management’s utility prefer¬ 
ences will result in a revision of the CEC values. The results of evaluating a project 
having the same risk complexion as the firm should be consistent when using either the firm 9 s 
cost of capital or the risk-free rate with certainty equivalent adjustment. 

The change in a project’s expected coefficient of variation from year to year 
depends on the intertemporal correlation (i.e., the degree of correlation that 
exists between the annual cash flow distributions over time) of expected cash 
flows. This leads to multiperiod and portfolio analyses, which are discussed in 
subsequent chapters. As a final note, the CEC value assigned to year 4 for 
“Research and development—category II” in our sample firm is zero. This 
implies that management is completely disregarding the cash flows for year 4, 


TABLE 13-1 Certainty Equivalent Factors for Different Investment Groups 
Developed by XYZ Company 


Certainty Equivalent Coefficient 



. J . 

Variation, v 

Year 1 

Year 2 

Year 3 

Year 4 

Replacement investments—category I 

v < 

0.10 

0.95 

0.92 

0.89 

0.85 

Replacement investments—category II 

0.10 < 

v < 0.25 

0.90 

0.86 

0.82 

0.77 

Replacement investments—category III 

v> 

0.25 

0.84 

0.79 

0.74 

0.68 

New investment—category I 

v < 

0.10 

0.92 

0.88 

0.85 

0.80 

New investment—category II 

0.10 < 

v < 0.25 

0.86 

0.82 

0.78 

0.73 

New investment—category III 

v> 

0.25 

0.80 

0.75 

0.70 

0.64 

Research and development—category I 

v < 

0.20 

0.82 

0.76 

0.70 

0.60 

Research and development—category II 

v> 

0.20 

0.70 

0.60 

0.50 

0 
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and the analysis thereby approaches the payback method, wherein all cash flows 
are ignored after a stated period. 

The procedure for using certainty equivalent coefficients is demonstrated in 
example 1. 


□ EXAMPLE 1 Certainty Equivalent Method 

XYZ Company, which developed the CEC values shown in Table 13-1, is evaluat- 
4"year lffcasfolk,ws Pr °^ eCt expected returns and standard deviations during its 


Year 

~T~ 

2 

3 

4 


Expected Standard Coefficient of 

Return _ Deviation Variation 

81,000 8200 0 20 

1,200 216 0 18 

1,200 168 0.14 

1,800 144 0.08 


The cash outflow is $3,000 and the nsk-free rate of return is 6%. Find the certainty 

“ C ! 0rS COrreSpondin S t0 the coefficient of variation listed above (see Table 
15 1J. 1 hen, determine the expected certainty equivalent value, CE. 

Solution: The following table is helpful in computing CE: 


Time 

R, 


Present 

-$3,000 

1.00 

1 

+ 1,000 

0.86 

2 

+ 1,200 

0.82 

3 

+ 1,200 

0.78 

4 

+ 1,800 

0.80 


The meaning of CE is discussed below. 


_ Discount Discounted 

R: Factor at 6% a, ft. 


-$3,000 

1.000 

-$3,000 

860 

0.943 

811 

984 

0.890 

876 

936 

0.840 

786 

1,440 

0.792 

1,140 



CE=$613 


The certainty equivalent value is analogous to the net present value in that 
the deasion rule for both methods is to reject projects that have negative CE’s or 
iNrv s. in Example 1, since the project in question had a positive Cl (i.e. 86131 
it represents a candidate for acceptance. However, further analysis is required 
In om- earlier discussions, we pointed out that to maximize shareholders’ 
wealth, the set of projects that maximized NPV should be accepted. If we limit 
our examination of certainty equivalents to CE, we should select that set of 
projects having the largest total CE. However, another powerful evaluation tool 
!S avaflable to us: We may ascertain the probability distribution for the certainty equivalent 
of each project and. then develop acceptance criteria in keeping with both risk aversion and 
maximization of shareholders’ wealth. For example, we might select a decision rule 
requiring rejection of any project that has a probability less than 90% of 
achieving a positive CE value. Then, from the remaining group, select the set 
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of projects having the largest total CE. We treat the probability distribution of 
certainty equivalents later in the chapter. 

Thus far in our discussion, we have assumed that the risk-free rate remains 
constant over time. If this assumption is relaxed, Equation (1) may be rewritten 
in its more general form as Equation (2). 


CE= £ 

f = 0 


n ( i + h) 


( 2 ) 


where i k — risk-free rate in year k 
FI = the product operator 

The application of Equation (2) is demonstrated in Example 2. 


□ EXAMPLE 2 Certainty Equivalent Value for a Change m 
Risk-Free Rates 

Suppose that the estimated cash flows for a project, the risk-free rates of return, and 
the certainty equivalent coefficients are as follows: 


Time 


Rt 

Risk-Free Return 

Present 

1 

— $3,000 

— 

1 

0.95 

1,000 

0.05 

i 

0.92 

1,500 

0.06 

3 

0.89 

1,700 

0.07 


Determine CE. 

Solution: 

_ 0.95($1,000) , 0.92(S1,500) 

CE- -$3,000 + j + Q Q5 + + o.05)(l + 0.06) 

_ 0.89($1,700) _ 

+ (1 + 0.05)(l +0.06)(l+0.07) 

= - $3,000 + $905 + $1,240 + $1,270 
=■$415 


RISK-ADJUSTED DISCOUNT RATE 

The rationale underlying the use of the risk-adjusted discount rate ( RADR ) technique is 
that projects which have greater variability in the probability distributions of their returns 
should have these returns discounted at a higher rate than projects having less variability or 
risk. A project that had no risk associated with it would be discounted at the 
risk-free rate, since this is the appropriate rate just to account for the time value 
of money. Any project that has risk associated with it has to be discounted at a 
rate in excess of the risk-free rate in order to discount both for futurity (the time 
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v a lue of money) and for the risk associated with the project (a risk premium) 
Projects .that are of average riskiness vis-a-vis the firm’s normal operations should 

faced^bv^he firm^Th" 5 “* * “** tWs figUre refleCts the normal risk 

7f d 7 , the f firm ' Those P r °J eets ha vmg greater-than-normal risk should be 

exhihit" ifr tC u CXCeSS ° f thC COS * ° f Capital; “aversely, projects that 
7 h ‘ b t '7 nsk than tkat associated with a fi «n’s normal operation should be 
discounted at a rate between the risk-free rate and the cost of capital The 
risk-adjusted rate is found by Equation (3): P 

r' = i+u + a (3^ 

where r'= risk-adjusted discount rate 
i = risk-free rate 

u = adjustment for the firm’s normal risk 
a = adjustment for above (or below) the firm’s normal risk 

It should be noted that the sum of i and u is the firm’s cost of capital, since 
that di sco^nt rate is appropriate for projects having average, or “normal,” risk 
°7 e *7 th V erm f ° r the abnormal risk adjustment could either be positive or 

thfn the ° n Wheth ( er * e P r °J ect has more or less risk associated with it 

than the average project for the firm in question. 

em„f qUati ° n -V 7 ay b f “ sed t0 determine the expected present value when 
employing a risk-adjusted discount rate: 


RAR= £ —- / 4) 

1=0 (1 + r')‘ W 

where RAR = expected value of the distribution of discounted cash flows over the 
_ lire of the project (risk-adjusted net present value) 

R, “expected value of the distribution of cash flows in year t 
r -risk-adjusted discount rate based on the perceived riskiness of the 
project under consideration 
n = number of years in the project’s life 

The amount of nsk adjustment is based on management’s utility preference for risk 

ZithThl1° h( ?t hlS ad -? UStm 1 nt reflects the "MMgwent ’s perception of the risk associated 
mth the project per se, its risk-return preferences, the firm’s wealth position, and the impact 
o the p roje ct on the firm’s other goals. Table 13-2 provides risk adj^stmerul, 

ZZZ°L7xTr £ ne \ m TabU13 ->’ the utility ^preferences for a 

particular jinn (XYZ Company) at a particular time. Although all the project types 

shown in Table 13-2 are generally required to achieve the firm’s cost of capital 
s a minimum return, there may be some categories of projects that have arisk 
sufficiently low to warrant their implementation, even though their projected 
return is below the firm’s cost of capital. P ^ 

Reference to Table 13-2 indicates that estimating a risk-free rate of 10% 
would apply a 16% hurdle rate to a project falling into “Replacement invesf- 
ment category III. It should also be noted that unlike the certainty equivalent method. 
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TABLE 13-2 Return Requirements tor Various 
Investment Groups Developed by XYZ Company 


Investment Grouping 

Replacement investments— 
category I 

Replacement investments— 
category II 

Replacement investments— 
category III 

New investment— 
category I 

New investment— 
category II 

New investment— 
category III 

Research and development— 
category I 

Research and development— 
category II 


Required Return 
Risk-free rate plus 2% 

Risk-free rate plus 4% 

Risk-free rate plus 6% 

Risk-free rate plus 8% 

Risk-free rate plus 10% 

Risk-free rate plus 15% 

Risk-free rate plus 10% 

Risk-free rate plus 20% 


the RADR technique os it is generally used in practice applies the same discount rate to the 
project throughout its useful life. 

The application of Equation (4) is demonstrated in Example 3. 


□ EXAMPLE 3 Calculation of RAR 

A firm is considering the adoption of a “Replacement investment category 
project which has the cash flows as shown by the following distributions: 


Original Cost __ Cash Inflows Years 1 5 

Probability Amount _ Probability _ Amount 

03 SI 3,000 oT $2,000 

0 4 14,000 0.4 2,400 

0 3 15,000 0.3 2,800 

0.1 3,400 


Years 6-10 


Probability 

Amount 

0.2 

$2,600 

0.6 

3,200 

0.1 

3,400 

0.1 

3,600 


The risk-free rate is 10%. Determine the risk-adjusted net present value. 


Solution: First, determine the mean value for each cash flow and incorporate into 
Equation (4) as follows: 


RAR= -S14,000+ £ 


5 $2,540 + ^ $ 3,140 


i (1.14)' < = 6 (1.14)* 

= -$14,000 + $8,720 + $5,599 
= $319 

Since the RAR is positive, this project represents a candidate for acceptance. 
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n* n hT? dlt '°? ? the ex Pected value of the return, we may also examine the 
probability distribution in a manner similar to that discussed above for the 
certainty equivaknt method. This task will be addressed later in this chapter 
the following section compares the certainty equivalent and risk-adiusted 
methods. descnbes some conflic * that may arise when using the two 


COMPARING CERTAINTY EQUIVALENT AND ADJUSTMENT 
OF THE DISCOUNT RATE 


Risk adjustment using the risk-adjusted discount rate method has been 
criticized primarily for two reasons. 

or the method does not examine the riskiness associated with each project 
or the changes in riskiness over its life, but rather groups projects into general 
risk categories. It applies the same discount-rate risk premium over the entire life 
o the project. Certainty equivalent requires individual examination of projects 
in each time period since riskiness associated with a given project maySnge 

vear f ih' ^ 1 "Y estm( j nt certainty may be concentrated in only a few 
years of the project s life, and once this uncertainty is resolved, all future years 
have a much more moderate risk posture. ^ 

• , f R ' S ^ ad Justment combines the two parts of the discounting process- the 
rak-free return for time and the risk premium. The use of a high constant 
discount rate over a project’s entire useful life implies that its riskiness is 
increasing over time. The implication results from the fact that discounting 
equates to an exponential decay of the value of cash as a function of time The 

and 7he Ce o b ? n ^ ° f Cash floWS discou nted at the risk-free rate 

, h ^ P res “ t value . of those sam e cash flows when discounted at a risk- 
adjusted hurdle rate increases exponentially with the passage of time. The 
process is illustrated in Example 4. 

□ EXAMPLE 4 Risk-Adjusted Discount Rate and Certainty Equivalent 

vear A Th r ° jeC l! $10 ; 000 \ 12year life and ex P“ted cash inflows of $1,800 each 

rale tJh rlsk - fr “ rate of return is 7%, the firm’s cost of capital is 10%, and the hurdle 
P ' Z a PP lled for *h>s project is 15%. (The project is a “New investment-category 
I, as previously defined m Tables 13-1 and 13-2.) Management anticipates thafthe 
dispersion of earnings after the fifth year will be relatively constant given thafall start un 
probiems will be resolved by that time. Therefore, they will apply the CEC’s from Table 

riA H , a a Pen0dS and °' 75 ther eafter. Determine the project’s NPV using the 
isk-adjusted discount rate and the certainty equivalent, and compare the two. 

Solution: First consider the risk-adjusted discount method. 


Time 


Present 

1-12 


Rt 


Discount Factor at 15% 


$ 10,000 

1,800 


Present Values 


-$ 10,000 

9,757 

RAR = — $ 243 


5.420619 



184 Part IV: Risk Analysis and Capital Budgeting 

Next consider the certainty equivalent method. 


Time R “t 


Present 

-$10,000 

1 

1 

1,800 

0.92 

2 

1,800 

0.88 

3 

1,800 

0.85 

4 

1,800 

0.80 

5-12 

1,800 

0.75 


Discount 

a t R t Factor at 7% 


-$10,000 

1 

1,656 

0.934579 

1,584 

0.873439 

1,530 

0.816298 

1,440 

0.762895 

1,350 

4.555475 


Discounted 

<* t Rt 

-$ 10,000 

1,548 

1,384 

1,249 

1,099 

6,150 

CE= $ 1,430 


The two solutions demonstrate the contrasting results of using the two methods T e 
project would be rejected using the risk-adjusted method, but accepted using certainty 
equivalent. The difference can be highlighted by looking at the ta ^ e bel ^ W ’. 
compares the discounted cash flows using the certainty equivalent method, the risk- 
insted discount rate (15%), and the cost of capital (10%). 


Year 

Present 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 


(I) _ (2) _ ( 3 ) 

Discounted R t Discounted R, Discounted 

a R at 15% al >0% 


-$10,000 

-$10,000 

-$10,000 

1,548 

1,565 

1,636 

1,384 

1,361 

1,488 

1,249 

1,184 

1,352 

1,099 

1,029 

1,229 

963 

895 

1,118 

900 

778 

1,016 

841 

677 

924 

786 

588 

840 

734 

512 

763 

686 

445 

694 

641 

387 

631 

599 

336 

574 

CE=$1,430 

RAR=-$ 243 

NPV =$2,265 


The table shows the value of the cash flows using each of the three approaches. If the 
certainty equivalent factors are an accurate risk adjustment for this project it can be seen 
hat Jusl of a constant risk-adjusted rate of 15* overcompensat^ ^ 
oroiect in every year except the first (since the present value using a discount rate of 15 n 
fs less than th^present values of the a t R, values). Notice that the difference between these 
present values is as small as $23 in year 2 and as large as $263 in year 12 , 11 ? h ™' d £ 
stressed that RAR method, with a constant discount rate, assumes that the risk of the 
project grows over time; in fact, that it grows at an exponential rate over time, owing: 
decompounding process associated with the discount factors (since the discount factors 
are the reciprocals of compound interest factors). However, if the certainty 
factors are an accurate risk adjustment for this project, then risk is constant in years 5 12 
(evidenced by the constant a, factor of 0.75) rather than growing exponentially, as 
implicitly assumed by the RAR method. Finally, it should be noted by comparing 
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thinT ( fi 1} “ d (3) tha , l /° r **“ firSt 10 yeare of ^ the project is more risky 

han the firm in general (since the present values using the cost of capital are hieher than 

the discounted values), but for the last 2 years the project is lessm^ky Than Ae firm 
overall (since in years 11 and 12 the discounted ol,R, values are higher than the present 
values using the cost capital). However, considering the entire life of die project it fe more 
nsky than the firm overall, since CE is less than the NPV value found usingTe 

c^ta?" SC ° Unt ratC f ° r Pr ° jeCtS ° f aVCrage riskiness to the firm (i-e- «*• 10% cost of 

□ 

The concepts of correlation and covariance are used in the next section as 
well as m the next two chapters. As will be seen, the variance of any portfolio or 
sum of random variables is dependent upon the covariance of all possible pairs 
of the components. The covariance, in turn, is a function of the correlation 

components ^ ” atUre Strength of the relationship between 


VARIABILITY IN THE RISK-ADJUSTED DISCOUNT RATE 
AND CERTAINTY EQUIVALENT PROBABILITY DISTRIBUTIONS 

In previous sections we discuss the necessity for expressing cash inflows as 
probability distributions having both a mean and a standard deviation Because 
each year s cash inflow is known only by means of a probability distribution the 
omposite picture of a project’s attractiveness over its entire life will also be 
described by a probability distribution having these two statistics: a mean, RAR 

RAR and rF Sta fo de , Viati ° n ’ or a CE- We have shown how the expected 
FUR and CE values are determined. It remains for us to show how the standard 

at and how this measure is used to assess the 

innnte h f e b Sta r da d d d de I ia - i0n ° f the RAR 0r the CE distribution uses as data 
decree f 1Z de J lat ' 0nS ° f each y ear ’ s cash-inflow distribution and the 
irnWt TF , relat ‘° n 7 Cn l hC Cash - flow distributions over the'life of the 

rfo?rih t ThlS i aSP - CCt (l ' 6 '’ tHe lntertem P oral correlations between cash-flow 
distributions) plays an important part in determining the magnitude of<r RAR and 
<J CE , since the interrelationships can either intensify or reduce risk 

formula foffind Ur 1™°" of h t ow ' to find *rar or <t CE , consider the general 
formula for finding the variance of the sum of three random variables ( X Y Z ) 

where each is multiplied by a constant (a, b, and c, respectively). 

Var (aX+ bf+cZ) = a 2 o 2 s + b 2 o\ + c 2 o§ 

+ 2abpp pop op + 2acpppop op 
+ 2bcpp pop op 

where <tj and op= the variance and the standard deviation of the random 
variable X , respectively 

Px, 7 = correlation coefficient between the random variables land Y 
Notice that the first three terms show the contribution of the three variances and 
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the last three terms show the contribution of the covariances between all pairs of 

the three random variables. , _ . /c . x r 

To derive the expressions for and a CE , consider that Equation ( ) ers 
to a capital investment project that has a 3-year useful life. Thus the random 
variables X Y and Z are the cash-inflow distributions of years 1, 2, and 3, 
respectively; similarly, the constants a, b , and e refer to the d.scount facton in 
years 1, 2, and 3, which reflect the time value of money for a given risk-free rate. 
[These discount factors are, of course, 


1 + i 


(i + f)‘ 


and 


1 


(i + if 


respectively, for the risk-free rate i.] At this point we consider only two types of 
cash-flow interdependencies: case I, independent cash flows; and case II, per- 
fectlv correlated cash flows. 


Case I: Independent Cash Flows 

Under this assumption, the cash flows over the life of the project are 
independent, meaning that successive years’ cash flows are not rel ^ ‘ n ^ 
systematic way (i.e., there is a random relationship among cash flows). This 
condition probably occurs in highly competitive markets devmd,® f “jj^Thus 
advertising, and so on, where exogenous forces shape the market demand Thus 
variability in cash flows over the life of the project will be reduced owing to a 
canceling out of the cash flows above and below the expected values, 
independence is assumed, the correlation p xy for all pairs of years in Equation ( ) 
are equal to zero. Hence, the last three covariance terms will drop out and we 

have 


Var (aX + bY + cZ) 


a 2 ol+ b 2 ol + c 2 oi 


Recall that X F, and Z refer to the cash-inflow distributions of years 1,2, and 3 
of a project and that a, b , and * are the^ discount factors in those thr eere s pective 
years Hence, calling Var(«T+ bY + eZ), oLr or <r CE , we arrive at the desired 
general expression for case I: 

( 6 ) 


.2 „ = £ 


<*RAR ° r 0 CE 


<-o( l + *f 


It should be noted that the discount factor is raised to the 2 f power because of 
the fact that the values of a, b, and c, which equaled the discount factors 


1 


1 


1 


1 + i 


(i + i) 


or 


(1 + i)' 


were all squared in Equation (5); hence, each factor is raised to the 2 j PO'fr.Of 
course, if the standard deviation or a CE is desired, we simp y 

square root of Equation (6). 
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Case II: Perfectly Correlated Cash Flows 

Under the assumption that cash flows are perfectly correlated we are 
positing that given the outcome of year l’s cash inflow, all subsequent cash 
inflows are predetermined, since they will be as many standard deviations above 
or below their respective means as year l’s cash inflow was. Such a relationship 
among cash inflows would exist in monopolistically competitive markets replete 
with brand names high-pressure advertising, limited entry, and so on P The 

Hsk a y fi e W ‘ b f greater than that found in case 1 This is due to the 
risk-intensification tendencies of positive correlation, which results from the lack 

of counteracting variations above and below the means over the life of the 
project found in the independent cash-flow case 

If perfect correlation is assumed, the correlation coefficients p K . for all pairs 
of years in Equation (5) are equal to + 1. Hence, Equation (5) becomes 

Var (aX + bY + cZ) = a 2 o\ 4- b 2 ay -f c 2 o§ 

+ 2 abo^Oy-h 2aco£oz 
+ 2 bcOyO£ 

where the right side can be factored as follows: 

Var (aX+bY + cZ) = (ao%+ bap + co^f 

Hence, again calling the left-hand side of this expression tig 2 , 

substituting the usual values for the constants and standard deviations, we^arr^e 


’rar 


or 


5 ce 


- + 


p „ - 1+, ‘ (1 + 0 2 (1 + 04 

become Pr ° jeCt 3 ^ ^ ° f " the expression above would 

12 


a RAR or o ( 


2 _ 
'CE ~ 


u “o(l+,-)'J (7) 

nerfeeth/^ ^ < Lc ” ^ for ^dependent cash flows and for 

perfectly correlated cash flows) is illustrated in Example 5. 

□ EXAMPLE 5 Variance for Perfectly Correlated and 
Independent Cash Flows 

cash-fnfll'disSom^oU^ ^ ^ ° f $2 °°’ a 3 ^ ear 


Period 1 


Outcome 

*A, 

Pai 

1 

$100 

0.10 

2 

120 

0.20 

3 

140 

0.40 

4 

160 

0.20 

5 

180 

0.10 


The risk-free rate is 6%. 


Period 2 Period 3 


P-A2 

PA2 

Ra3 

Pas 

$ 40 

0.10 

$ 10 

0.10 

80 

0.25 

60 

0.30 

120 

0.30 

100 

0.30 

160 

0.25 

160 

0.20 

200 

0.10 

270 

0.10 



188 


Part IV: Risk Analysis and Capital Budgeting 


Compute under the assumption that (a) cash inflows are independent oyer 
Alpha’s useful life; and (b) cash inflows are perfectly correlated over Alphas useful life. 

Solution: Computing the standard deviations for each of the 3 years above, we 
would find: 


a, -21.91, <j 2 — 45.61, 


69.54 


These three standard deviations are now used to compute o£ E . 
(a) Assuming independent cash inflows, 


7 ce 


2 1 


t =0 (l + 0 
_(2T91) 2 ( (45.61) 2 | (69.54)^ 
(1.06) 2 (1.06) 4 (1.06) 6 
=5,484.07 


°ce = $ 74.05 

(b) Assuming perfectly correlated cash inflows, 


— _ 

°CE “ 


t = 0 (1 + i) 1 J 


21,91 45.61 | 69.54 

l - 06 + (1.06) 2 (1.06) 3 

= (20.67 +40.59+ 58.39) 2 
= (119.65) 2 =14,316.1225 


a CE = $ 119.65 

Of course, it can be seen that a CE assuming perfectly correlated c +* mflows is 
<?ipTiificantlv ereater than a rE where cash inflows are assumed to be independent. 1 h s 

produced by high positive 

flows over the life of the project rather than the canceling-out effect of independent 
( zero-correlation) cash inflows over the project s life. 


The natural reactions of the financial manager to the computation of tr CE 
under various assumptions might be: 

1. How can the degree of intertemporal correlation among the cash flows be 
accurately determined? 

2. How can a CE be used to help evaluate capital projects. 

These questions will be examined in turn. 
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We admit that the degree of intertemporal correlation among the cash- 
inflow distributions over the life of the project is indeed difficult to estimate. 
However, some comfort can be taken in the fact that <j ce will take on its maximum 
value when perfect correlation exists among cash-inflow distributions. Further , a somewhat 
moderate value of o CE is arrived at when it is assumed that cash inflows are independent. It 
should be noted that <j ce would get smaller as the degree of correlation were allowed to take on 
negative values and that <j ce would equal zero if it were assumed that the cash inflows were 
perfectly negatively correlated over the life of the project. Hence, it is suggested that o CE 
be used to evaluate capital projects along the lines of sensitivity analysis, 
following three steps: 

/. <J CE should be computed under the two assumptions of independence and 
perfect correlation, as demonstrated in the Example 5. 

2. The risk-return characteristics of the project should be evaluated under 
the extreme assumption of perfect correlation and the more moderate assump¬ 
tion of independence. 

3. The firm, based on its utility curve and its best estimate of the intertem¬ 
poral correlation, should either reject the proposal or let it stand as a candidate 
for possible adoption. 


The latter two steps in the approach above point to the answer to the second 
question posed: How can o CE be used to help evaluate capital projects? The 
argument would proceed as follows: If it can be reasonably assumed that each 
year’s cash-inflow distribution is normal or approximately normal, the central 
limit theorem would tell us that the certainty equivalent distribution will be 
normal or approximately normal with mean GE and standard deviation <j ce . 
The latter distribution can then be used to make probability statements about 
the certainty equivalent value, taking on any value of interest using the familiar 
standardized Z-value and tables of the normal distribution (see Appendix C): 
Z=(X- X)/o. Such probability values are helpful for the firm to evaluate a 
single project in isolation or to compare several projects. The ultimate decision 
about project acceptance is determined by the firm’s utility function ranking of 
the project attractiveness based on the relevant risk-return information given 
above. An illustration of this situation follows. 


□ EXAMPLE 6 Comparison of Two Projects Using the Certainty 
Equivalent Method 

The firm in Example 5 is also evaluating project Delta, which costs $300 and whose 
cash-inflow distributions are as follows: 


Outcome 

- 

2 

3 

4 

5 


Period 1 Period 2 Period 3 


tip. 

Pm 

P D2 

Pd2 

RD3 

„ Pd3 

$ 80 

0.10 

$ 80 

0.05 

$ 80 

0.01 

100 

0.20 

100 

0.10 

100 

0.04 

120 

0.40 

120 

0.15 

120 

0.10 

140 

0.20 

140 

0.60 

140 

0.70 

160 

0.10 

160 

0.10 

160 

0.15 
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The firm assigns the following certainty equivalent factors for the two projects based 
on their variability in cash flows over their useful lives: 

Project Alpha Project Delta 

a x = 0.92 ^ =0.95 

a 2 = 0.80 ol 2 = 0.92 

a 3 = 0.65 a 3 = 0.90 

(a) Compute CE for both projects. 

(b) Compute a CE for project Delta based on the following assumptions: 

(1) Cash inflows are independent. 

(2) Cash inflows are perfectly correlated. 

(c) Compute and explain the coefficient of variation for the certainty equivalent 
distributions for both projects under both correlation assumptions. 

(d) Compute the probability that both projects will have positive certainty equiva¬ 
lent values, where <J CE is computed under both assumptions of independence and perfect 
correlation, where the CE distributions are normal. 

Solution: (a) To compute CE for each project, we need the expected cash inflow for 
each of the 3 years. 

Project Alpha: 

jf, = $100(0.1) + $120(0.2) + $140(0.4) + $160(0.2) + $180(0. l) = $140 

R 2 = $40(0.1) + $80(0.25) + $120(0.3) + $160(0.25) + $200(0.1) = $120 

j? 3 = $10(0.1) + $60(0.3) + $100(0.3) + $160(0.2) + $270(0.1) =•$108 

Now, to determine CE, we multiply the expected cash inflows by their respective certainty 
equivalent factors and discount at the risk-free rate. Finally, the original cost of projects A 
and D of $200 and $300, respectively, were substituted. 

(0.92)($140) (0.80)(*120) ( 0.65)($108) 

CA ~ 1-06 + (1 . 06 ) 2 (1.06) 3 

= $265.89 - $200.00 = $65.89 


Project Delta: 

R, = $80(0.1) + $100(0.2) + $120(0.4) + $140(0.2) + $160(0.1) = $120 
R 2 = $80(0.05) + $100(0.1) + $120(0.15) + $140(0.6) + $160(0.1) = $132 
R 3 = $80(0.01) + $100(0.04) + $120(0.10) + $140(0.7) + $160(0.15) = $138.80 
^ (0.95)($120) , (0.92)($132) , (0.90)($138.80) gonA 

Crfljr) — + ~~ “t" o' , . T ® 

1°6 (1.06) (1.06) 

= $107.55 + $108.08 + $104.89 - $300 =$20.52 


(b) Computing a CE for project Delta: 

(1) For independent cash flows: 

0! = 21.90, <j 2 = 19.39, 03=14.09 
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The reader should verify these values. 

, _ (21.90) 2 (19.39) 2 (14.09) 2 

a CE-r H-— 4-— 

(l .06) 2 (1.06) 4 (1.06) 6 

= 864.61 


Oqe — $29.40 

(2) For perfectly correlated cash flows: 

_ 2 [ 21.90 , 19.39 . 14.09 Y 

(JQjy --)--1- 

1(1.06)' (1.06) 2 (1.06) 3 

= (20.66 + 17.26 + 11,83) 2 
= 2475.06 

or 

q CE = $49.75 

(c) The coefficient of variation can now be computed for the two projects, which is a 
relevant method of comparison because of the size disparity between the two projects: 

(1) For independent cash flows: 


Project Alpha _ Project Delta 

* = = v = ^- 

GE CE 

_ $74,0 5 $29.40 

$65.89 $20.52 

= 1.12 =1.43 


This means that for project Alpha there is 1.12 times as much risk as there is expected 
return, or that for every dollar of expected return there is $1.12 of risk, as measured by the 
standard deviation. For project Delta, the standard deviation is 143% of the expected 
certainty equivalent return, or there is $1.43 of risk for each dollar of expected return. 
Further, because the two coefficients of variation can be directly compared, project Delta 
has about 1.3 times as much risk per dollar of expected return as project Alpha. 

(2) For perfectly correlated cash flows: 

Project Alpha _ Project Delta 


CE 

_ $49.75 

$20.52 
= 2.42 


CE 

$119.65 

$65.89 
= 1.82 


Similar interpretations can be attached to these values, as was given above. Notice that 
the relative variability of the two projects has increased proportionately compared with 
independent cash flows; project Delta’s coefficient of variation is still about 1.3 times as 
great as project Alpha’s. 
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(d) Finally, the probability that each project achieves a positive certainty equivalent 
factor is determined as follows: 

(1) For independent cash flows: 

Project Alpha: 


0 — $65.89 
$74.05 


0.89 =>0.3133 


This means that 31.33% of the area under the curve falls between a CE-value of 0 and 
CE = 65.89. Thus, the probability that project Alpha achieves a positive certainty 
equivalent value is 0.8133 (0.5000 + 0.3133). It should be noted that the above probabil¬ 
ity exceeded 0.5000 because CE was positive; if CE was negative, the probability that the 
CE value would take on a value greater than zero would be less than 0.5000 and is 
quantified by the area in the upper tail of the distribution. 



Project Delta: 

Z = ° ~ f°J 2 - -0.698 => 0.2574 
S29.40 

Thus, the probability that project Delta achieves a positive CE-value is 0.7574. Project 
Delta has almost a 75% chance of achieving a positive CE value, whereas project Alpha 
has about an 80% chance of doing this under the assumption that cashflows of the two projects 
are independent over time. 


Project Delta 



CE = $20.52 
a CE = $29.40 


0 
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(2) For perfectly correlated cash flows: 
Project Alpha: 


0-$65.89 
$119.65 


-0.551 


0.2092 


P{CE > 0 for project Alpha} = 0.7092 

Project Delta: 


0 ~ $20.52 
$49.75 


— 0.412 => 0.1598 


P{CE > 0 for project Delta} = 0.6598 

Under the assumption of perfectly correlated cash flows, the probability of the two 
projects achieving positive CE-values is rather close: 0.7092 for Alpha versus 0.6598 for 
Delta. Which of these two projects (if either) would meet the firm’s criteria for acceptance 
and what ranking would be assigned to each depends upon the firm’s utility function, 
which quantifies its hierarchy of goals, risk preferences, and attitudes toward risk-return 
trade-offs. Neither project dominates the other by simultaneously offering a higher 
expected CE value and a lower <j ce . The measures computed in part (c) of this example 
plus the probabilities computed in part (d) under the two intertemporal correlation 
assumptions provide data inputs that help the financial manager rank the two projects 
and decide which, if either, should be accepted. The ultimate decision depends upon the 
firm’s utility function. r-j 


SUMMARY 

This chapter discusses the important area of risk analysis in capital budget¬ 
ing. When the certainty assumption is relaxed, the need arises to exaipine both a 
measure of central tendency (i.e., expected return) and a measure of the 
variability in the distribution of returns (e.g., the standard deviation, coefficient 
of variation, etc.) Further, because of the importance of other goals, trade-offs 
between them, and risk preferences of decision makers, the “ maximize expected 
utility criterion is suggested as being appropriate for decision maldng under 
conditions of risk. 

The two conventional models to evaluate single projects under conditions of 
risk the risk-adjusted discount rate technique and the certainty equivalent 
method—are introduced and examined in some depth. Both the expected values 
for these two models and their standard deviations (computed under different 
assumptions about intertemporal correlations among cash-inflow distributions) 
are computed. Finally, under the assumption that the component cash-flow 
distributions are normal, it is demonstrated how probability statements can be 
made concerning the likelihood that various values are taken on by the random 
variable measuring certainty equivalent values. 

This chapter concentrates on the evaluation of a single project. Chapter 14 
looks at the area of portfolio effects wherein the risk of a combination of projects 
can be reduced by careful selection to minimize the covariance among all pairs 
of projects. After that, capital asset pricing theory is examined as a way of 
integrating this chapter and the following one, which deals with portfolio effects. 
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QUESTIONS/PROBLEMS 


1. A machine with a 4-year life is being replaced with a modern, more efficient piece of 
equipment with a longer expected life. The equipment will require a payment of 
$55,000 in the first 30 days of its operation. The expected returns and standard 
deviation are as follows: 


Year 

Expected Returns 

Standard Deviation 


1 

$14,000 

$1,200 


2 

16,000 

1,800 


3 

18,000 

2,000 


4 

20,000 

1,950 


5 

22,000 

3,000 


The risk-free rate of return is 5%. The CEC values and the coefficient of variation are 
as follows for the 5-year period: 

Coefficient of 
Variation 

Certainty Equivalent Coefficient 


Year 1 Year 2 

Year 3 Year 4 

Year 5 

v <0.10 

0.92 0.88 

0.85 0.80 

0.74 

0.10 <*<0.25 

0.86 0.82 

0.78 0.73 

0.69 


Determine the expected certainty equivalent value. 

2. A boiler manufacturing company uses a certainty equivalent approach in its evalua¬ 
tion of risky investments. Currently, the company is faced with two alternative 
projects. Project A is replacement investment—category II; project B is new invest¬ 
ment-category II, according to Table 13-1. The expected values of net cash flows for 
each project and risk-free returns are as follows: 


Year 

A 

B 

Risk-Free Return 

Present 

-$40,000 

-$50,000 

— 

1 

20,000 

20,000 

0.05 

2 

20,000 

25,000 

0.06 

3 

20,000 

30,000 

0.07 


Which of the alternatives should be selected? 

3. A corporation is considering two projects and will choose one or the other based upon 
their RAR. The corporation’s cost of capital is 14% and the firm estimates that the 
risk-free rate will be 10%. Project A is a replacement investment—category II. Project 
B is a new investment—category II. Project A’s projected cash-flow distribution is as 
follows: 


Original Cost 


Probability 

Amount 

0.3 

$100,000 

0.3 

110,000 

0.4 

120,000 


Cash Flows for 

Years 1-6 

Probability 

Amount 

0.15 

$20,000 

0.25 

25,000 

0.25 

30,000 

0.15 

35,000 

0.10 

45,000 

0.10 

45,000 
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Project B’s projected cash-flow distribution is as follows: 


Original Cost Cash Flows for Years 1-6 

_ Probability Amount 

09 ^nnnn ^25 $50,000 

nq OA 0>00 ° 0,25 60,000 

0,3 200,000 0.15 70,000 

0.15 75,000 

0.10 80,000 

0.10 85,000 

Sv“n 6 t groups^ Pr ° jeCt """S Tab ' e fOT retUm for 

4 ‘ ^ p C °™ Pa f n i iS C fl nSider ‘!?, g u an investment costin S $8,000. The investment is such that 
the size of the inflows will be correlated with the state of the economy. Economists can 
reliably estimate the following probabilities for the next 3 years. 


Probability 

05 

0.2 

0.3 


Amount 

$225,000 

210,000 

200,000 


Recession 

Normal 

Boom 


Probabilities for Years 1-3 

03 ' ~ 

0.6 
01 


S3i^ Y 0ffidak Can reUably Pred ‘ Ct thC ' nfloWS associated wi* each state of the 


State 

Recession 

Normal 

Boom 


Net Cash 
Inflows 

$ 2,000 

$5,000 

$ 8,000 


Assume a cost of capital of 11% and a risk premium of 9%. Compute the risk adjusted 

5. A corporation has a cost of capital of 12%, a risk-free rate of return of 6% and is 
considering project replacement, which has a 8-year expected life. The project ^vill cost 
approximately $50,000 and will generate cash inflows of $10,000 each year 

This project is a category II investment (Table 13-1) and the corporation has a 
hurdle rate of 15%. The corporation also expects that the dispersion of cash flows after 
year 4 will be relatively constant and that the CEC’s from the table will be used 
unng the initial period and 0.77 thereafter. Determine the project’s NPV using the 
risk-adjusted discount rate and the certainty equivalent and evaluate the results. 
b. 1 he Hothouse Corjxiration is considering project “Woody,” the construction of a 
wood-pruning machine that has the ability to turn entire forests into bundled cords of 
firewood ready to be delivered to customers. 

The project is anticipated to have an initial cost of $30,000,000 a 3-year useful 
life, and cash-inflow distributions as follows: y 


Cash Inflow per Year (in millions) 


Probability 

RW l 

rw 2 

rw 3 

0.2 

$15 

$ 8 

$20 

0.3 

20 

25 

25 

0.4 

30 

40 

30 

0.1 

40 

50 

35 

1.0 
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Compute o CE under the assumption that cash inflows are independent over Woody s 
useful life and under the assumption that cash inflows are perfectly correlated over 
Woody’s useful life. Assume that the risk-free rate of return is 6%. 

A manufacturing company is evaluating two alternative projects Project A consists of 
an expansion of the same business by building a new facility at the same location. The 
total project cost is estimated to be 830,000. Project B consists of an acquisition of 
another firm selling products unrelated to the company’s primary business. The total 
cost of the project is $40,000. The following table shows the cash-inflows distribution. 

Project B (cash flow, $000) 


Outcome RA / PA ; RA 2 


Project A (cash flow, $000) 
PA 2 


RA , PA* Outcome RA { PA 1 RA 2 PA 2 RA S PA S 


10 

15 

20 


0.3 

0.5 

0.2 


15 

20 

25 


0.2 

0.6 

0.2 


10 

25 

30 


0.3 

0.6 

0.1 


15 

20 

25 


0.2 

0.6 

0.2 


20 

25 

30 


0.3 

0.5 

0.2 


15 

30 

40 


pa 3 

0.2 

0.6 

0.2 


(a') Compute CE for both projects. , « „ ^ 

(b) Compute <j ce for both projects based on the assumption that cash flows are 

independent and cash flows are perfectly correlated. 

(c) Compute and explain the coefficient of variation of the certainty equivalent 
distributions for both correlation assumptions. 

Assume that the risk-free rate is 6%, constant over the life of projects, and that the 

company considers cash flows for the first 3-year period. -retailatinn n f a 

8 The Energystics Corporation is evaluating two projects. One is the installation of a 
load shedder, which costs $5,000, including peripheral sensing equipment, and the 
other, the installation of a 5-ton, high-efficiency air conditioning unit at a cost of 
$8,000 installed. The energy savings from these two projects are listed be ow. is ri 
tions are based on the probabilities of future rate increases as set by a local electric 
company. The risk-free rate in this area is 6%. 


Load Shedder 

Period 1 Period 2 


Period 3 


Rate Inc. (%) 

Pis 

Pis 

Pis 

P,s 

R„ 

Pis 

4% 

$2,000 

0.50 

$3,000 

0.25 

$4,000 

0.25 

8% 

4,000 

0.25 

5,000 

0.50 

6,000 

0.25 

12% 

6,000 

0.25 

7,000 

0.25 

8,000 

0.50 



Air Conditioner 





Period 1 

Period 2 

Period 3 

Rate Inc. (%) 

Pac 

Pac 

Pac 

Pac 

Pac 

Pac 

4% 

$3,000 

0.50 

$4,000 

0.25 

$5,000 

0.25 

8% 

6,000 

0.25 

7,000 

0.50 

8,000 

0.25 

12% 

9,000 

0.25 

10,000 

0.25 

11,000 

0.50 


Energystics assigns the following certainty equivalent factors for the two projects 
under consideration based on their variability over the three time periods. 


Load Shedder 


Air Conditioner 


= nQfi 


0.95 
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(a) Compute CE for both projects. 

(b) Compute a CE based on independent and perfectly correlated cash flows. 

(c) Compute the coefficient of variation for the CE distributions for both projects 
under both correlation assumptions. 

(d) Compute the probability that both projects will have positive certainty equivalent 
values when ct ce is computed under both assumptions of independence and perfect 
correlation. 




PORTfoliO EffECTS 


Chapter 12 provides an overview of decision-making under conditions of risk and 
the importance of utility theory. Chapter 13 illustrates capital project evaluation 
for single projects under conditions of risk. As you recall, we determined the 
risk-adjusted NPV and its standard deviation over the useful life of the project. 
This chapter shifts the focus of evaluation from individual projects to combina¬ 
tions of projects. Projects that may not be acceptable when considered in 
isolation might merit acceptance when an optimum combination of new and 
existing projects is sought. This result may occur due to favorable interaction or 
portfolio effects between projects. Thus, we recommend that the firm be viewed as 
an amalgam of previously accepted projects. 

The chapter initially concentrates on portfolios of securities and later applies 
the principles and techniques to portfolios of capital projects. The chapter draws 
heavily on the work of Dr. Harry Markowitz, who has been called the father of 
modern portfolio theory. Every student and practitioner of finance should be 
familiar with Markowitz’ classic works as they have a significant impact on 
financial decision-making under conditions of risk. 

The chapter begins by introducing the covariance between a given pair of 
investments. Next, we present tools for determining the risk and return on 
portfolios of investments. Finally, we discuss the determination of optimal 
portfolio of investments, which provides a preview of Part V, Capital Asset 
Pricing . 


'See H. Markowitz, “Portfolio Selection,” Journal of Finance, (March 1952) and Portfolio Selection-. 
Efficient Diversification of Investment (New York: John Wiley & Sons, Inc., 1959). 
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PORTFOLIO EFFECTS 

Suppose that we consider combinations of possible investments as portfolios. 
Each investment in the combination has an expected return and risk, the latter 
measured by its standard deviation. To evaluate different combinations (or 
budgets) we need an expected return and standard deviation on each combination. 
Ihe expected return, E(R p ), on the combination may be computed using 
Equation ( 1 ): ® 

E{R i> )=ZX j E{R j ) (1) 

j -1 

where X } = proportion of the total budget allocated to the 7 th project 

E( Rj ) = expected rate of return on the 7 th project 

The standard deviation of the budget (ol), however, is not simply a 
weighted averaged of the project sigmas (oj), although these represent one 
component. Rather, the risk of the budget (or,), in addition, reflects the covari- 
ances among projects in combination. Covariance measures the impact that a pair of 
securities will have on the portfolio variance due to their interactive effects (i.e., correlation) 
and their respective standard deviations. The covariance between two projects (or 
securities) is the product of three terms: the correlation coefficient and the 
standard deviations of the two projects, as expressed in Equation (2): 

Cov 0 = pijOjOj ( 2 ) 

The reader should recall that the correlation coefficient (p-) measures the 
nature and strength of the relationship between two securities or two projects. 
The correlation coefficient can take on values in the following range: 

- 1.0 < p tj <; + 1.0 

Note that the covariance will take on the sign of the correlation coefficient (p ) 
since both standard deviations must be greater than or equal to zero Thus, die 
covariance can be positive, negative, or zero, depending on whether the correla¬ 
tion coefficient is positive, negative, or zero, respectively. (The covariance could 
also be zero if either standard deviation were zero, which would be the case for a 
risk-free asset.) 

/. Positive covariance implies that if the cash flows of one project exceed their 
expected value, the cash flows of the other project in turn are likely to exceed 
their expected value, and vice versa. Positive covariance intensifies the risk of the 
combination of assets. 

2. Negative covariance, by contrast, suggests that if the cash flows of one 
project exceed their expected value, the cash flows of the other will tend to fall 
below their expected value, and vice versa. Negative covariance, accordingly 
tends to significantly reduce risk in the budget combination. 

3. Zero covariance (when it results from Pij = 0) means that the cash flows of 
the two projects move independently of each other; if the cash flows of one 
project exceed their expected value, the other project’s cash flows are just as 
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likely to exceed as to fall below their expected value. Zero covariance reduces 
risk in the portfolio. 


The standard deviation of the combination is expressed in Equation (3): 


]N N -1 N 

I^ 2 +2l I W°v, 

If j=i + 1 


( 3 ) 


where i and j represent all projects in the budget, paired off for purposes of 

computing covariance. . 

The covariance term may be plus (positive covariance), minus (negative 
covariance), or zero. Obviously, in constructing a portfolio, one would strive in 
theory for a negative covariance sufficient to offset the first term and produce 
a = 0. In practice, the returns on capital projects and securities tend to move 
with the general economy so that negative covariance is seldom obtainab e. 
Generally, the crux of portfolio construction lies in minimizing the degree of 
positive covariance. 


CALCULATING THE COVARIANCE 

One approach to computing the covariance considers pairs of observations 
for the returns on two projects. Deviations of these returns from the respective 
expected values are multiplied by each other, and then by the joint probability 
that this pair of returns will occur as shown in Equation (4): 

Cov„ «£[*„- E(R t )] [R Jt - £(*,)] P, ( 4 ) 

1 

where Cov = covariance between the ith and jth projects 

p t => joint probability of the paired cash flows for project i and project j 
R it = return on the ith project in period t (an element in the probability 
distribution of returns in project i ) 

R t — return on the jth project in period t (an element in the probability 
7 distribution of returns in project j) 

It should be pointed out that the joint probability, P t , in Equation (4) can be 
based on historical experience, an informed subjective estimation, or a simulation 
of possible outcomes for the two projects under evaluation. Example 1 illustrates 
the computation of the covariance using Equation (4). 


□ EXAMPLE 1 Expected Value, Standard Deviation, and 
Portfolio Covariance 

Assume that a corporation is evaluating two projects, X and Y. After performing 400 
simulation runs showing the interaction of the cash flows generated by the two projects, 
the following table was prepared to summarize the results. This table presents the data 
necessary to determine the probabilities of various cash flows for each project, as well as 
the ways in which the two projects interact. 
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Table of Cash Flows Generated in 400 Simulation Runs 


Project Y 


Project X 

$100,000 

S250,000 

$400,000 

Total 

$100,000 

50 

20 

5 

75 

$200,000 

72 

155 

3 

230 

$300,000 

28 

25 

42 

95 

Total 

150 

200 

50 

400 


Compute the following: 

(a) A table of joint and marginal probabilities based on the table of simulation 
results given above. 

(b) The expected value and the standard deviation of the cash-flow distribution for 
each of the two projects. 

(c) The covariance between the cash flows of projects X and Y using Equation (4) 
and a contingency-table format. 

Solution: (a) To facilitate the computations, the contingency table of the number of 
observations is first converted into joint and marginal probabilities: 


Project Y 


Project X 

$100,000 

$250,000 

$400,000 

Total 

$100,000 

0.125 

0.05 

0.0125 

0.1875 

$200,000 

0.180 

0.3875 

0.0075 

0.5750 

$300,000 

0.070 

0.0625 

0.1050 

0.2375 

Total 

0.375 

0.5000 

0.1250 

1.0000 


(b) To compute the expected cash inflow and the standard deviation for each project, 
we use the marginal probabilities of each of the three possible outcomes: 

Project X: 


E(R X ) = $100,000(0.1875) + $200,000(0.5750) + $300,000(0.2375) 


= $18,750 + $115,000 + $71,250 
= $205,000 


(100,000 - 205,000) 2 (0,1875) + (200,000 - 205,000) 2 (0.5750) 
+ (300,000 - 205,000) 2 (0.2375) 


- 1/2,067,187,500 + 14,375,000 + 2,143,437,500 

- $65,000 


Project Y: 


£(*,) 


$100,000(0.375) + $250,000(0.500) + $400,000(0.125) 

$37,500 + $125,000 + $50,000 
$212,500 

/(100,000 - 212,500) 2 (0.375) + (250,000 - 212,500) 2 (0.5) 
v +(400,000 - 212,500) 2 (0.125) 


” \/4,746,093,750 + 703,125,000 + 4,394,531,250 
= $99,216 
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(c) Next, we compute the covariance between projects X and Y. We use the joint 
probabilities in the body of the table and restate the table in a form consistent with 
Equation (4) by showing each cash flow as a deviation from its respective mean (i.e., 
subtract $205,000 from each cash flow for project X and $212,500 from each of project 
Y’s cash flows): 


Project Y 

Project X -$112,500 +$37,500 +$187,500 

-$105,000 0.1250 0.0500 0.0125 

-$ 5,000 0.1800 0.3875 0.0075 

+ $ 95,000 0.0700 0.0625 0.1050 

The covariance is computed by multiplying the respective values for each row and 
column by the corresponding joint probability, with due regard to the signs. 

Cov x> , = ( — 105,000)(— 112,500)(0.1250) + ( —5,000)( — 112,500) (0.18) 

+ ( + 95,000) ( - 112,500) (0.07 ) + ( + 37,500) (-105,000) (0.05) 

+ ( + 37,500) ( - 5,000) (0.3875) + ( + 37,500) ( + 95,000) (0.0625) 

+ (+187,500) (-105,000) (0.0125) + ( + 187,500) ( - 5,000) (0.0075) 

+ ( + 187,500) ( + 95,000) (0.1050) 

= + (1,476,562,500) + (101,250,000) + ( - 748,125,000) 

+ ( - 196,875,000) + ( - 72,656,250) + (222,656,250) 

+ ( - 246,093,750) + ( - 7,031,250) + (l ,870,312,500) 

- 3,670,781,250 - 1,270,781,250 
= +2,400,000,000 

The above calculation shows that the covariance between these two projects is 2.4 
billion. This result quantifies the contribution of the interaction between the two projects 
to the risk of a portfolio of the two projects. We realize that this result is not intuitive so 
we’ll try to bring it into focus. 

The contribution of each project to the risk of a portfolio of the two projects is 
quantified by the variance of the project in question. Thus, project X contributes 4.225 
billion ($65,000 2 ) to the portfolio risk and project Y would contributes 9.844 billion 
($99,216 2 ) to the portfolio risk. As mentioned before, the portfolio effects between the two 
projects are quantified by the covariance. In addition, as mentioned, the covariance takes 
on its maximum value when the correlation coefficient equals + 1. Had this been the case 
here, the covariance by Equation (2) would equal: 

maximum Cov x > = p xy o x o y 

= ( + l) ($65,000) ($99,216) 

= +6,449,040,000 

Therefore, we see that the actual covariance of 2.4 billion is far below (only about 
37% of) the maximum covariance that could have resulted for these two assets. This 
“moderate” actual covariance resulted from the fact that the correlation between 
the two assets is only +0.372. Finally, the contribution of the interaction effect be¬ 
tween the two assets to the portfolio risk is far below the contribution of either pro¬ 
ject X (4.225 billion) or project Y (9.844 billion) singly. 
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Throughout subsequent examples in this chapter, we try to add to your 
intuitive understanding of the covariance. 

A more convenient method of calculating the covariance between two 
projects makes use of Equation (2): 


Gov b = PijWj 


This requires that the correlation coefficient p tJ be computed directly by regress¬ 
ing the paired cash flows of the two projects under consideration. Since the 
covariance can be computed using Equation (2), Equation (2) can be substituted 
directly into Equation (3) as shown in Equation (5): 


N— 1 N 


E */«,; + 2 E £ XiXjPijWj 


V 7=1 *'=/+l 

Note in Equation (5) that the standard deviation on a portfolio or combination 
of assets is the square root of the sum of the weighted variances plus twice the 
sum of the weighted covariances between all possible pairs of securities or 
projects. Thus, the covariance plays a critical role in determining the size of the 
portfolio standard deviation. 

To see this computational approach for both Cov, and a., consider Exam- 
pie 2. jp 

□ EXAMPLE 2 Portfolio Expected Value and Standard Deviation 

A firm desires to evaluate the combination of two projects having the followine 
characteristics as a portfolio. 


E(R,) 


Compute E(R p ) and o p . 
Solution: 

e ( R p)= ZXjE(Rj) 


= (0.5)(0.32) + (0.5)(0.35) 
= 0.335 or 33.5% 


•W I>>/ + 2 I L (*,)(*,)(p y )(«,)(a,) 


j= 1 i=j+ 1 


= /(0.5) 2 (0.07) 2 + (0.5) 2 (0.107)“ + 2(0.5) (0.5)( — 0.32)(0.07) (0.107) 

“ Vo 001225 + 0.0028623 - 0.0011984 
= 0.0537, or 5.37% 
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It should be noted that the slightly negative correlation between projects R x 
and R 2 in Example 2 substantially reduces the risk on R 2 through pooling. 
Hence, while R 2 considered in isolation might be rejected, the combination of R x 
with R 2 could become a more attractive alternative than other combinations. 

To summarize the key points in terms of building a portfolio of assets, the 
crux of the problem lies in balancing a jt X jy and Coy ; to minimize risk for a 
desired level of return. Since o t , a-, and p tJ are fixed for a given pair of projects i 
and j, finding X i and Xj to minimize risk becomes of interest to the financial 
manager building a portfolio of assets. 


MINIMUM RISK PORTFOLIOS 


Considering two projects i and j, o p is minimized if the proportion invested m 
project i is determined as shown in Equation (6): 

a 2 — Cov,, 




a 2 + a 2 - 2 Cov, 


( 6 ) 


Equation (6) is derived by differentiating Equation (5) with respect to X i9 setting 
the derivative equal to zero, and solving for X-. 

Based on our discussion, the following observations (decision rules) should 
provide the financial manager with insight and strategies for diversification in 
building a portfolio or capital budget. We consider two assets, i and j, but the 
results can be generalized for a large number of projects. 


/. If p • = 0, the covariance term in Equation (5) for cr^ drops out and the 
portfolio’s standard deviation is the square root of the weighted sum of the 
project variances: 

rx 


j=i 


Further, the proportion of project i that should be selected to minimize risk 
under these conditions (i.e., p tJ = 0) is found using Equation (6), modified as 
follows: 


That is, to minimize risk in the combination, X t should equal the ratio of the 
variance of j to the sum of the variances of i and j. 

2. If 0 < p t < o t /o (where o t is the smaller of the two standard deviations), 
the portfolio standard deviation will be determined using Equation (5), where 
both the sum of the weighted variances and the weighted positive covariance 
plays a part. However, diversification is still attractive, since o p will be smaller 
than either o t or or individually if the proportion invested in X- is determined 
using Equation (6). 
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3. If PijXfJOj, diversification will not be attractive, since the positive 
correlation and covariance are too great to reduce o below the smaller standard 
deviation, or,-. Hence, to minimize risk, X { should equal 1. 

4. If Pij < 0 , o p will be less than the square root of the sum of the weighted 
variances, owing to the negative weighted covariance, m and X- are then 
determined using Equations ( 5 ) and (6), respectively. 

t u‘ If Pij = 7 } ,a P can be driven t° zero by selecting the proper proportions 
of the two secunties or projects whereby the weighted covariance in Equation f5) 
is equal to the sum of the weighted variances. This proper proportion is found by 
simplifying Equation (6) for the p,, = - 1 case, as follows: 


X: 


<r, + (T 


The observations are illustrated in Example 3 


□ EXAMPLE 3 Portfolio Expected Return and Standard Deviation 
Two projects have the following risk-return characteristics: 


_ P, P, 

E(R,) 15% 20% 

°j 12% 16% 


Determine E(R p ) and <r p for the minimum risk portfolio, where 
between the two projects is: (a) 0; (b) 0.20; (c) 0.90; (d) -1. 

Solution: (a) Given that p i; = 0, the optimal proportion is 


the correlation coefficient 
determined as follows: 


Y| _ (0-16) 2 
‘ (0.12) 2 + (0.16) 2 

0.0256 

0.0144 + 0.0256 
= 0.64 

Thus, the minimum-risk combination is to invest 0.64 of the portfolio in P, and 0.36 in 
^ 2 - 

Now the expected value and standard deviation of the portfolio may be computed. 
E i R p) = 0.64(0.15) + 0.36(0.20) 

= 0.096 + 0.072 

= 0.168, or 16.8% 

o p = /(0.64) 2 (0 12) 2 + (0.36) 2 (0.16) 2 

= \/0.00589824 + 0.00331776 
= 0.0960, or 9.60% 

Notice that o p is significantly lower than either or a. 

Pl p 2* 
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(b) Given that = +0.20, the optimal proportion is determined as follows: 


F, 2 — Cov, 


a 2 + of 


2 Cov, 




(0.16) 2 - (0.2)(0.12)(0.16) 


2( + 0.2)(0.12)(0.16) 


(0.12) 2 + (0.16)‘ 

0.02176 
= 0.03232 
= 0.673 

E(R p ) = (0.673)(0.15) + (0.327)(0.20) 

= 0.10095 + 0.0654 

= 0.16635, or 16.6% ____ 

or, = ^/(0.673) 2 (0.12) 2 + (0.327) 2 (0.16) 2 + 2(0.673)(0.327)(0.2)(0.12)(0.16) 

= ^0.0065221776 + 0.0027373824 + 0.0016901452 
= 0.10464, or 10.5% 

Notice that o„ is still lower than the smaller standard deviation, but that we are investing 
a greater percent of funds (0.673 vs. 0.64) in P, than when p,,-= 0. In general, as the 

correlation becomes more highly positive, more of the funds will be invested m e 

less-risky project. This continues until p,y = o,/o 2 (where o, < <J 2 ), at which point 100% of 
the available funds are invested in the less-risky project. , w /, K <y - + n 74 

(c) Given that p - = + 0.90, by rule 3 we see that p 0 = + 0.90 >12%/16% - +0.75, 

diversification will not be beneficial, and 100% of the funds should be invested m P^ 
Given this degree of correlation, we can demonstrate that even a high percentage invested 
in P, (say 85% in P, and 15% in P 2 ) will not reduce o„ below o pl - 12%: _ 

o p = /(0.85) 2 (0.12) 2 + (0.15) 2 (0.16) 2 + 2(0.85)(0.15)(0.90)(0.12)(0.16) 

= y/0 .010404 + 0.000576 + 0.0044064 
= 0.12404, or 12.4% 

As X x increases from 0.85 to 1.00, the o p value would continually get smaller, decreasing 

from 12.404% to 12%. . . D • . . 

(d) Given that p = —1.0, we see by rule 5 that the proportion to invest in is just 

over 57%: 

a 9 0.16 


0.571429 


_ A + a 2 0.12 + 0.16 

Having this percent invested in P x should drive o p to zero. 

E(R p ) = (0.571429)(0.15) + (0.42857l)(0.20) 

= 0.08571435 + 0.0857142 
=0.17142855 or 17.1% 


(0.571429) 2 (0.12) 2 + (0.428571) 2 (0.16) 2 
+ 2(— 1) (0.12)(0.16)(0.571429)(0.428571) 

^0.0047020478 + 0.0047020314 - 0.0094040792 
0 
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FIGURE 14-1 Portfolio Standard Deviations (a p ) as the Correlation 
Coefficient (p (/ ) Varies from +1 to -1 



Percent of Funds Invested in Each Security 


Based on the results of Example 3, we may draw the following conclusions: 

1. As PiJ decreases from +1.0 through o./o, (a, < <t 2 ), 100% of the funds 
will be invested in the less-risky project. 

2. As p.j gets smaller, eventually decreasing to - 1.0, a smaller and smaller 
percentage will be invested in the less-risky security, since the interaction 
between p ij9 or., or, X i; and Xj causes o p to be minimized as X { is decreased and X 
increased to capitalize on the favorable covariance effects between the two 
projects or securities. Figure 14-1 illustrates these facts. As shown in Figure 14-1, 
the minimum-risk percentages invested in P x go from 0.673 (point 1 in Figure 
14-1) when p 12 = +0.20, to 0.64 (point 2 in Figure 14-1) when p 19 = 0, to 
0.571 (point 3 m Figure 14-1) when p 12 = - 1.0. 


EFFICIENT PORTFOLIOS OR BUDGETS 

In earlier chapters, individual projects were ranked by net present value. 
Since the objective of capital budgeting is to increase the present value of the 
firm, “rational” management accepted all projects with a positive NPV, within 
the constraints of available capital, and the like. However, this decision rale for 
individual projects suggests that there does not exist a combination of projects 
that would be superior to a single investment meeting the criterion. The single 
project standard ignores the advantage of diversification to improve the quality 
of earnings through reduction of risk. 

When the firm must choose among several capital proposals, a wiser decision 
rule seeks the combination of projects that maximizes expected present value and 
minimizes the variance or standard deviation. But experience attests that ex¬ 
pected present value and standard deviation generally vary directly, and man- 
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agement can trade off additional risk against additional income. The better 
decision rule, therefore, stresses the concept of efficient portfolios: those combina¬ 
tions that for any given expected value have a minimum standard deviation 
(risk); or for any chosen level of risk (standard deviation), the highest expected 

return. f 

Assume that management has a fixed sum to invest and can choose from a 
number of possible combinations, as illustrated in Figure 14-2. Out of all the 
combinations obtainable, only some will be efficient. A combination is inefficient if 
there exists another portfolio with a higher expected value and a lower standard deviation , a 
higher expected return and the same standard deviation , or the same expected return and a 
lower standard deviation. Eliminating the inefficient portfolios from the set of all 
possible combinations, the array of efficient portfolios may be plotted as line AF 
in Figure 14—3. Combinations falling below this efficient frontier are 
inefficient: a better return or lower risk or both can always be secured by 
moving to the frontier. The portfolios above the efficient frontiei are 
unobtainable with the funds and projects available for investment. 

Among the efficient set we want to select that combination representing the 
optimum portfolio (i.e., the combination of risk and return preferred by the 
investor). The solution lies in the application of utility theory. Figure 14-4 
depicts a set of utility isoquants (1,2, and 3) for a risk-averse decision-maker. 
Each isoquant plots a series of combinations with different risks and returns which have the 
same total utility for the investor. On higher utility curves, total utility increases, so that 
total utility U 3 > U 2 > U v All combinations of risk and return on curve 2 have the 
same total utility, but this quantum is larger than the total utility of the 
combinations on curve 1. Accordingly , the optimal portfolio for a given investor is found 
at the tangency point between the efficient frontier and utility isoquant. This tangency point 
( B ), as shown in Figure 14-5, marks the highest level of satisfaction the investor 
can 5 attain with the funds available for investment. Other decision-makers with 
unique utility functions would locate their maximum satisfaction at other points 


FIGURE 14-2 Attainable Portfolios FIGURE 14-3 Efficient Frontier 
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FIGURE 14-4 Utility Isoquants FIGURE 14-5 Optimal Portfolio 




of tangency. Each decision-maker has his or her own preferred combinations of 
risky assets (projects or securities). 

Let income connote utility and risk, disutility. At the point of equilibrium 

(B), 

^utility 

^disutility 

The equilibrium point is important to the subsequent discussion. Since all 
portfolios in the efficient set comprise risky assets, the equilibrium defines the 
decision-maker s preferred combination of risky assets—that combination which 
dominates all other risky asset packages. 

We now address the problem of actually determining the efficient frontier. 


DETERMINING THE EFFICIENT FRONTIER 

As shown in Figure 14-3, the efficient frontier is a plot of desirable portfolios 
in risk (o p ) versus return [£(i^)] space. As you might expect, the efficient 
frontier is determined by computing o p and E(R p ) for a given set of securities as 
the percentage invested in each security is allowed to vary. By definition, each 
portfolio on the efficient frontier has the maximum return for a given level of risk or the 
minimum risk for a given level of return . The values for the portfolio risk and return 

are computed using Equations (3) and (1), respectively. 

The shape of the efficient frontier and its location relative to the fisk-return 
axes will vary depending upon the candidate investments under evaluation or 
changes in the degree of correlation that exists between the investments under 
evaluation. Example 4 examines the calculation of the risk-return cpordinates 
that yield the plot of the efficient frontier. 
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□ EXAMPLE 4 Determination of the Efficient Frontier 

Use the following two investments, originally introduced in Example 3: 


Pi 

P 2 

E(Rj) 

15% 

20% 


12% 

16% 


Determine the values for E(R p ) and o p for the following values of X l and X 2 : 


AT, 

X* 

1.00 

0 

0.75 

0.25 

0.50 

0.50 

0.25 

0.75 

0 

1.00 


The following values for p 12 should be used to determine separate efficient frontiers: 
p 12 = +1.0; p 12 = + .20; Pi2 = 0; and Pi2 =_1 -° 

Use a tabular format to present the values for E(R p ) and o p for the five values of X 1 and 
T 2 and the four values of p 12 . Finally, plot the four efficient frontiers (one for each value 
of p 12 ) in risk-return space. 

FIGURE 14-6 Efficient Frontiers for P, and P 2 
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Solution: The table of values for E(R p ) and o p is as follows: 




P12 ~ 

41.0 

Pl2 ~ 

+ .20 

P/2 

= 0 

P12 ~ 

-1.0 


X, 

m P ) 

% 

m P ) 

°p 

E(R P ) 

a P 

E(R P ) 

% 

1.0 

0 

0.15 

0.12 

0.15 

0.12 

0.15 

0.12 

0.15 

0.12 

0.75 

0.25 

0.1625 

0.13 

0.1625 

0.1055 

0.1625 

0.0985 

0.1625 

0.05 

0.50 

0.50 

0.1750 

0.14 

0.1750 

0.1092 

0.1750 

0.10 

0.1750 

0.02 

0.25 

0.75 

0.1875 

0.15 

0.1875 

0.1294 

0.1875 

0.1237 

0.1875 

0.09 

0 

1.0 

0.20 

0.16 

0.20 

0.16 

0.20 

0.16 

0.20 

0.16 


It is instructive to examine this table before we plot the four efficient frontiers. Notice that 
the values of E(R p ) do not change as p 12 changes. Further, notice that o p is an increasing 
linear function only when p 12 = + 1.0. In the other three cases (i.e., p 12 = +0.20, p 12 = 0, 
and p 12 — ~~ 1.0), Op is a nonlinear function of X x and X 2 . The values shown in the given 
table plus the values for E(R p ) and o p computed for the minimum-risk portfolios 
computed in Example 3 enable us to plot the efficient frontiers, as shown in Figure 14-6. 

Notice that each of the efficient frontiers starts at the minimum-risk portfolio (which 
was one of the reasons why the minimum-risk portfolio is significant) and ends at the 
maximum risk/maximum return portfolio. Of course, it can be observed pictorially in 
Figure 14-6 that as p 12 decreases, the value of a p decreases, which results in the efficient 
frontier coming closer to the a^-axis. □ 


PORTFOLIO THEORY AND CAPITAL BUDGETING 

Application of the portfolio model to capital budgeting is not without some 
difficulty. An investment in common stocks is divisible; the purchaser acquires 
units (or shares) each with the same expected return and standard deviation. The 
efficient frontier is thus a continuous line and the weighting system reflects the 
percentage of the total investment allocated to one asset or to the amounts of risk 
and risk-free assets. 

Few capital projects divide into homogeneous units with the same expected 
return and standard deviation. Most projects are lumpy, or indivisible . Accep¬ 
tance means taking the entire project: the whole return and whole standard 
deviation. The firm cannot buy fractions. It cannot acquire 60% of the return 
and standard deviation of a project. The continuity of the line between portfolios 
in Figure 14-3 or 14-6 is due to variations in fractional holdings in a group of 
divisible projects. For indivisible projects , it would not be realistic to join the 
efficient projects with a continuous line, since fractional projects are not per¬ 
mitted. In constructing portfolios of indivisible projects, therefore, the weighting 
system is either 0 or 1. The solution in terms of optimum expected return and 
standard deviation for a portfolio of indivisible projects is most easily reached 
using integer programming, as illustrated in Chapter 21. 

Lower-Confidence-Ljmit Criterion 

If the number of projects considered is large, the efficient set might involve a 
substantial number of combinations from which to choose. The use of the lower 
confidence limit model can reduce the problem to a manageable size. The 
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approach assumes that the investor can state his preference in terms of a 
minimum acceptable return (the lower confidence limit) as opposed to minimiz¬ 
ing risk for a given specified return. The lower confidence limit (L) is found 
using Equation (7): 

L = E(R p ) — Ko p (7) 


where K is a constant chosen by the investor and refers to the number of 
standard deviations in the normal distribution. Thus, the investor (or manager) 
establishes a floor below which the return on the budget should not fall. 
Depending on the minimum return stipulated, K may represent 1, 1.5, 2,... 
standard deviations below the expected return. In other words, the investor, by 
putting a value on K, establishes a minimum acceptable return on the budget 
and/or the amount of downside risk she or he willingly bears. If K— 2, this 
means that the manager is willing to accept only a 2.28% probability of the 
return falling below the minimum acceptable amount. 

As the minimum acceptable return ( L ) increases for a given budget, there 
will be fewer efficient combinations from which to choose. The efficient frontier 
shrinks as previously efficient portfolios are now considered inefficient. To 
illustrate the concept, consider Example 5. 


□ EXAMPLE 5 Application of Lower-Confidence-Limit Criterion 
An investor is evaluating the following three portfolios: 


Portfolio 

E(R P ) 

°P 

A 

0.22 

0.10 

B 

0.28 

0.12 

C 

0.38 

0.14 


All three of these portfolios are efficient. Depending upon his or her utility function, the 
investor might choose any one of the three portfolios. Assume that she or he is only willing 
to accept a 0.0228 chance of the return falling below L. Determine the value of K that 
would be assigned and the minimum acceptable returns on the portfolios. 


Solution: Assuming a normal distribution, a value of K — 2 would include about 
95% of the cases. Hence, a K equaling 2 would find only 2.28% of the cases falling below 
L. (More risk-averse investors would increase the value of K since they would require 
fewer cases falling below L.) The minimum acceptable returns on the portfolios now 
become: 


Portfolio 

E(R P ) 

— 

K(o p ) 

= 

L 

A 

0.22 

— 

2(0.10) 

= 

0.02 

B 

0.28 

— 

2(0.12) 


0.04 

C 

0.38 

— 

2(0.14) 

= 

0.10 


Portfolio C now dominates based on the following rule: Specify the value of K and choose 
the portfolio with the highest minimum return, L. □ 
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SUMMARY 


This chapter explores the important area of portfolio effects in which the 
focus of the capital investment process shifts from the individual project to that 
of combinations of projects. The discussion centers around the concept of 
covariance between pairs of candidate projects that might be included in the 
capital budget. The computation of the covariance is considered, as well as the 
determination of the expected return and standard deviation on the portfolio of 
assets. The area of efficient portfolios is introduced, as is that of selecting the 
optimal efficient portfolio when either exclusively risk assets or a combination of 
risk and risk-free assets are available for the investor. This chapter serves as a 
bridge to introduce Chapter 16, which deals with capital asset pricing theory. 

QUESTIONS/PfcOBLEMS 


/. Empirical studies have derived the following probabilities of the specific outcomes for 
two projects. 


Project A 

$50,000 

$75,000 

$90,000 

Total 


1250,000 

0.1254 

0.0909 

0.1654 

0.3817 


Project B 
1 300,000 
0.1073 
0.0673 
0.0618 

0.2364 


$400,000 

0.0764 

0.1691 

0.1364 

0.3819 


Total 

0.3091 

0.3273 

0.3636 


Compute the mean and standard deviation of each project as well as the covariance 
between the two projects, using the contingency-table format. 

2. Consider the returns for these four securities: 


OBS 

Sec 1 

Sec 2 

Sec 3 

Sec 4 

1 

$ 9 

$25 

$30 

$5 

2 

10 

23 

31 

6 

3 

12 

22 

31 

5 

4 

15 

20 

32 

4 

5 

16 

19 

30 

2 

The correlation coefficients for all combinations of securities 

are shown 

with the standard deviations of each security: 



P12 ~ 

-0.98 

<*! = 3.05 



P13 “ 

0.24 

a 2 = 2.39 



Pl4- 

-0.85 

a 3 = .84 



P23 = 

-0.28 

ct 4 = 1.52 



P24 = 

0.79 




P34 = 

0.28 




(a) Compute the covariances for all possible pairs of securities. 

(b) Compute the variance of the six two-security portfolios assuming a 50%-50% 


allocation. 
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3 . Given p x = 0 and the incomplete joint and marginal probability table below, calcu¬ 
late the variance of the portfolio of the two securities X and Y in equal proportions. 
Use the completed table to show that the covariance of the two securities is equal to 0. 

Joint and Marginal Probabilities of Cash 
Flow Generated in 500 Simulation Runs 


Project Y 



Total 0.50 100 


(Hint: Recall that if two events A and B are independent of each other, P(A D B)- 
P(A) P(B). Use this hint to fill in all the joint probabilities in the table and then 
proceed with the solution. 

4. RCA is evaluating two securities, which have the following means and standard 
deviations: 

E(R a ) = 20% E(R b ) = 28% 

o A = 10% o B = 14% 

RCA feels that the following correlation coefficients could exist between the two 
securities: (a) +0.85; (b) +0.40; (c) 0; (d) -1.0. Determine the minimum-risk 
portfolios for eaqh of these correlation coefficients, as well as the portfolio return and 
standard deviation. Selling short is not permitted. 

3, For securities A and B and each of the correlation coefficients shown in Problem 4, 
compute the expected portfolio return and the portfolio standard deviation for the 
following mixtures: 

% in A _ % in B 

ioo o 

75 25 

50 50 

25 75 

0 100 

Also, sketch the four efficient frontiers that are generated on the same graph. 

6. A firm is evaluating the following four efficient portfolios: 

Portfolio E(R p ) o p 

1 0d2 0.04 

2 0.24 0.06 

3 0.30 0.10 

4 0.32 0.12 

Determine the optimal portfolio if the firm is willing to accept only a 5% chance that 
the portfolio return falls below the lower confidence level ( L ). 
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om reality, it takes place m an organization with all its attendant 
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Ganges in thL fmplich in the choice of a forecast methodology. 

TABLE 15-1 Quality of Published Assumptions: Recent U.S. Examples 

eXP Tcorotsate Pa re y flec« unit cost changes in relation to increased sales volume and 

It is the opinion of...management t at t ' s r ® n n and a weighted average 

comjmtt^^to^^ulting themeth^ se^aost^$50940^nd^ents future," rulv'ertishig^costs 
Should It^sumed level of activity per store. For this reason, total expenses 

are assumed ‘^“" ed rapid 

motorcycle trailer market increasing mar e t ’ h e t recor d Q f the company, 

bution, the introduction of new products, and, of c° u ^’ mc p • p ro j ec ,i 0 ns are 

P. We expect...to have another >' ea ' "^^^Js bJsed on the expecta- 

less reliable than m some other... °P® r ® ces ' f u negotiated... and that appropriate 

tion that a new labor agreement will be successfully negotiaieu 

rate increases will be granted. 

Source: Published annual reports of various U.S. corporations. 
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TABLE 15-2 Some Assumptions Underlying Forecasting Models 

1. The conditions in the past which generated the observed data will persist into the 
future. In the concept of stationarity, the future becomes an extension of the past, and 
historical simulation is the standard method for validation of the model. Yet many of the 
changes affecting business activity spring from discontinuities and by definition are either 
unpredicted or unpredictable. 

2. As a corollary, models generally respond to novel circumstances slowly. Rates of 
change are often too rapid for models to accommodate—the reaction time of the model is 
too slow. However, even m a stable situation, the time required to collect data, process 
data, and provide output to the decision maker may conflict with the timfe schedule of 
budget formulation. 

3. A further corollary, if the data base is flawed-if it contains inadequate 
inaccurate or irrelevant historical information—the past may be as obscure as the future’ 

I he model cannot rise above the quality of the input data. 

4. In the case of noncausal models, the variable is a function of time. 

5. The evolution of the variables is completely systematic and hence predictable 

6 Except where qualified by the introduction of weights, all previous observations 
yield the same amount of information about the likely value of the next observation. 

7. Causal models assume that the average relationship calculated between depen¬ 
dent and independent variable(s) will hold for the future. The task of defining these 
relationships is a formidable one during period of accelerated change. Models of simple 
static systems are easy to construct, but their naivete will likely trap the user. On the other 
hand, models of complex and dynamic systems require painstaking efforts and may 
improve the precision of the projections—albeit with a higher price tag for the informa- 

&* sa * es anc * cost ^ ata are considered to be random and normally distributed 

the models do not provide a statistical basis for establishing the probability of error or 
confidence interval estimates. In the absence of the normality presumption above 
practice resorts to establishing ranges based upon past deviations between actual and 
project results such that one can be reasonably certain the next period’s projection will 
all within the established limits. Statistically speaking, however, the assumption that 
future deviations will fall within the defined range is at best tenuous. 


understood by top management even if stated in elementary terms. The truth we 
seek here is that the technical assumptions combined with the effects Of leverage 
can convert a small variance in gross revenues into an acceptable variance in net 
operating revenues of the project. 

Planning assumptions relate to market and production strategies as well as 
erratic events (for example: outcome of litigation) and, perhaps, the intuitive 
adjustments of top officers. In this respect, production strategies merit special 
comment. The bridge that leads from project revenues to net operating revenues 
in a given period is distinct from the external link of revenues (or savings) to the 
market. Revenue projections only initiate the analysis of the project, for manage¬ 
ment has considerable latitude in responding to the market environment. It may, 
or example, alter the product mix, adjust production schedules, modify inven¬ 
tory policies, regulate discretionary expenditures, and so on. Consequently, any 
single projected (or most probable) revenue level can translate into a broad 
range of net operating cash flows. 
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Prime cost projections assume reliable estimates of factor prices and 
efficiencies in production; variable overheads may be allocated to product lines 
by statistical formulas and management judgment; discretionary fixed costs may 
actually be revised throughout the budget period; programmed fixed costs (such 
as supervisory salaries or financial charges) share the uncertainties of interest-rate 
changes and similar variations in specific price levels. Other illustrations could 
be introduced, but the list is sufficient to emphasize the uncertainties of project¬ 
ing project earnings and stresses the variety of assumptions, environmental and 
internal, buttressing net cash flow estimates. 

There exists a group of standard assumptions, akin to the “going concern 
principle in financial accounting, which are vital to appraisal of the forecast, yet 
merit explicit mention only by exception. Unless alerted to the contrary, the 
reader of a financial forecast (or capital budget) properly assumes that the firm s 
accounting statements are prepared in a manner consistent with the applicable 
accounting principles adopted by the firm in the annual report. Similarly, the 
composition of top corporate management, the continuing availability of normal 
sources of supply, reasonable stability of the tax environment, and so on, are 

implied unless the user is informed to the contrary. 

Each forecasting and budgeting system should be uniquely designed to meet 
the objectives of the company. Successful forecasting commences with close 
collaboration among executives, other internal users of forecasted data, and 
systems consultants. Collaboration begins with three basic questions: 

1. What is the purpose of the forecast? How is it to be used? The desired 
accuracy and power of the techniques chosen will largely hinge on the answers. 

2. What are the staff requirements to implement the forecasting system? For 
example, personnel capacities vary according to the detail and accuracy re¬ 
quired. For primarily quantitative approaches, forecasters should be competent 
in research techniques, in application of mathematical-statistical models, and in 
computer usage. On the other hand, judgmental methods call upon personnel in 
marketing who have long association with the industry. Best results require a 

blending of both types. . , 

3. What, if any, additional facilities or services are needed to inaugurate the 
forecasting-budgeting space and equipment, access to computer capability, 
library resources, and subscriptions to external data sources? 

Because information, personnel, and facilities have price tags attached, the 
forecast-budget system must relate to the realistic needs of the business and 
balance the tangible values of better information against the costs of acquiring 
the data. In some situations, simple techniques and few organizational shifts may 

well accomplish the purpose. , 

Viewed as an integrated system, the forecast of project cash benefits and 
costs represents the first step in the preparation of a comprehensive capital 


'Although capital budgeting is on a cash-flow basis, as we note, management must consider the 
impact of the capital budget on the firm’s conventional accounting statements (see Chapters 20-22). 
A capital budget that may pass muster on an NPV basis may have severe adverse effects in the short 
term on the accounting statements, and this management may not choose to accept. 
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budget. The budget will be no better than the soundness of the forecasting 
techmques employed. Business forecasting, short- or long-term, is a field unto 
itself. However, the astute financial manager will always inquire as to how the 
budget estimates were prepared. 


REVIEW AND CONTROL OF CAPITAL INVESTMENT PROJECTS 

The capital budgeting process does not terminate with the selection of a set 
o projects that the firm believes will provide maximum benefits without 
violating any of the firm’s resource constraints. Rather, sound financial manage¬ 
ment demands that the firm carefully monitor project implementation as well as 
perform postcompletion audits on major projects. 

The review and control of capital expenditures can be divided into two 
major categories: 

1. The review and control of projects in the process of being implemented, 
lhese are called m-progress projects. This review and control entails auditing the 
cash outflows related to the acquisition of the project. This process results in 
mtormation of cost underruns or overruns. 

The review and control of projects as they are used in the firm’s 
operations. This entails auditing the benefits generated by the project, as well as 
the operating expenses incurred as the project is used. The goal is to determine 
the cash flows being generated over the life of the project. 

Much effort is expended in evaluating capital projects in order to select 
those projects that should be most beneficial in helping the organization to achieve 
its goals. Once a set of projects has been selected, management may assume that 
the projects will be implemented in an optimal fashion. Of course, this is rarely 
the case. Witness the constantly recurring cost overruns, as well as timing delays 
in the efforts to carry out any large-scale capital project. Thus, it is necessary to 
exert strict control on in-progress projects. 

There are two parts to the process of controlling in-progress capital projects. 
First is the establishment of internal accounting control procedures to accu¬ 
mulate all relevant project-related costs. Second is the use of periodic progress 
reports that gauge actual expenditures against estimates and provide explana¬ 
tions for significant variances that occur. The timing of the reports may be on a 
regular calendar basis (such as monthly) and/or keyed to critical events in the 
acquisition process. The latter would be especially useful if network methods for 
project scheduling such as PERT or GPM are employed. 

The first step specified usually sees the establishment of control accounts for 
each in-progress capital project. These control accounts are charged with all 
relevant expenditures, which are further categorized into those items that will be 
capitalized and those that will be expensed in the current year. These accounts 
reflect both out-of-pocket payments for materials, labor, overhead, outside 
purchases, and subcontracts, as well as relevant allocated expenses. 

The segregation of costs on a project-by-project basis facilitates the control 
process because appropriate attention can be given projects as they approach 
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various completion points and/or a cost-overrun status. Further, the use of 
responsibility accounting procedures is also beneficial since control centers that are 
held accountable for any given project must be notified when cost overruns are 
imminent so that proper control measures can be implemented. 

The use of regular progress reports as projects are being implemented 
provides several benefits for an organization. First, such timely information 
presents advance warning to management of potential future difficulties in time 
for corrective action to be taken. Second, these reports provide a basis for data 
input to the cash-budgeting process. Third, these reports provide insight to 
management on projects that could require additional expenditures due to 
inflation and other unforeseen causes. Fourth, as part of the control process, these 
reports provide the basis for comparing cumulative actual expenditures with 
budgeted amounts so that variances can be computed and explanations provided 
for significant unfavorable variances. 

Such procedures should provide valuable assistance to firms in the control ot 
in-progress capital projects. Next, we turn to the postcompletion audit of capital 
projects. 


POSTCOMPLETION AUDITS OF CAPITAL PROJECTS 

It is essential for firms to review and control capital projects once they are in 
use. This is necessary in order to compare their actual benefits with their 
forecasted benefits, to compare actual operating costs with forecasted operating 
costs, and to take timely corrective action, if necessary. 

In addition, several additional benefits accrue to firms that use postcomple¬ 
tion audits. First, the audits provide an on-the-scene verification of the profitabil¬ 
ity or savings generated by the project. The audit attempts to isolate the effects 
of the project under study as far as possible. The auditor, as part of his or her 
investigation, should seek out reasons why projects turned out either significantly 
more or significantly less profitable than projected on either an absolute dollar or 
a percentage basis. In arriving at these results, as much detail as practicable 
should be provided rather than arbitrarily aggregating different cost or benefit 
categories; the latter technique could obscure relevant offsetting changes. 

Second, divisions and managers are more likely to act in their own (as well 
as the organization’s) best interests relative to the implementation and operation 
of new capital projects if they realize that postcompletion audits will be 
performed and that they will be held accountable for the results. The feedback 
provided to responsible managers should help them to improve their future 
estimation of costs and benefits, as well as to provide insight about effective 
operating strategies for new capital projects. Organizations should stress that 
postcompletion audits are not designed to censure managers, but rather to help 
them improve their forecasting and operating activities. 

Next, the postcompletion audit is beneficial in identifying the causes of 
difficulties in project implementation and/or operation. The variances of actual 
results from projected results raise questions that demand explanation and point 
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to possible areas where breakdowns may have occurred. The insight provided 
here will often suggest corrective action that should be taken or point to 
alternative courses of action (including the possibility of project abandonment) 
that should be explored. 

, F “»Uy, the results obtained through postcompletion audits provide managers 
of divisions as well as the members of the capital budgeting review committee 
—with information that should be helpful in evaluating similar projects in the 
future. Audits enable organizations to learn from past successes and difficulties so 
that their operations will be more effective and efficient in the future. 

Given these benefits, questions arise concerning who should perform and 
review postcompletion audits, which projects should be the subject of such audits 
and how the process should be carried out. ’ 

Ideally, the postcompletion audit should be performed by an independent 
and unbiased individual, preferably from the internal audit staff or the corporate 
controller’s staff. This will increase the chances that an objective evaluation will 
be performed. 

The postcompletion audit should be reviewed by the manager of the 
department or division that proposed the project so that he or she can see the 
results and obtain helpful feedback for operating decisions and future proposals 
The manager who recommended the project will usually be one of the major 
resource persons that the auditor utilizes in preparing the postcompletion audit 
since the manager will be one of the more informed individuals concerning the 
reasons for variances of actual results from projections. 

The postcompletion audit should also be reviewed by everyone in the 
project-approval process, including the group or individual that actually ap¬ 
proved the project in question. This will facilitate the learning process among 
key individuals in terms of future proposals. 

Clearly, not all capital projects deserve the time, resources, and effort 
required to perform a postcompletion audit. Most firms perform audits on very 
large outlay projects or those of special significance to management. In addition 
corporate and division managers can often select projects for audit that are of 
interest or concern in order to gauge results and/or locate difficulties. Finally a 
number of projects may be selected randomly at each division in order ’to 
provide feedback to local and corporate management. 

Pflomm derived an extensive list of data frequently included on postcomple- 
tion audits by the 346 manufacturing firms that participated in his Conference 
Board study/ 

The following information was usually included: 

Number of the approved appropriation request. 

Location that requested the appropriation. 

Description of the item(s) purchased. 

Purpose of the project. 

Amount authorized. 

Amount actually expended. 


2 Norman E. Pflomm, Managing Capital Expenditures , (New York: The Conference Board, 1963), pp. 
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Estimated savings and/or return on investment. 

Actual savings or return. 

Reasons for variations. 

Signatures of those who prepared and/or reviewed the postaudit. 

In addition, Pflomm identified the following supplemental information that 
he often found included in the postcompletion audit: 3 

Estimated versus actual project completion dates with explanations of 
delays. 

Explanation of project cost overruns. 

Action taken to correct deficiencies. 

Future prospects for currently failing projects. 

Details of equipment performance. 

Comments on the adequacy of local accounting records needed for making a 
postaudit. 

We view the review and control of accepted projects as a vitally important 
link in the overall management of capital expenditures. All too often, organiza¬ 
tions downplay or disregard entirely this essential step in obtaining feedback and 
taking corrective action. In order to facilitate the initiation of postcompletion 
audits in organizations, we include Figure 15-1, which shows a comprehensive 
checklist and evaluation form developed by a food projects firm to use with their 
standard postcompletion audit form (Figure 15-2). These exhibits were origi¬ 
nally published in the Conference Board report by Pflomm and are reprinted 
with permission. 4 It is to be hoped that these exhibits will provide guidance for 
firms seeking to implement or modify their postcompletion audit systems. 


THE ABANDONMENT DECISION UNDER CONDITIONS OF RISK 

The abandonment option is initially explored in Chapter 5. In intervening 
chapters we discuss various factors that create uncertainty relative to a project s 
actual costs and benefits. The following list is indicative of some of these major 
factors: problems in forecasting future cash flows, problems in estimating infla¬ 
tion rates, interest rates, and future tax rates, difficulties in estimating variability 
in the project’s returns over its life, and difficulties in accurately assessing 
portfolio effects among projects. This chapter examines the necessity of monitor¬ 
ing accepted projects to see if they are “on track.” The abandonment option 
constitutes one of the alternatives open to management in constructing the 
capital budget. 

Managing the capital budget of a corporation must be a dynamic process. 
Capital investments cannot be viewed as a commitment to the end. Since 
changes in the attractiveness of projects or even entire divisions or subsidiaries 
can occur, regular periodic reappraisals of investments must be undertaken to 
determine whether the value of continuing the endeavor exceeds abandoning it. 

3 Ibid. 

4 Ibid., pp. 90-94. 
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FIGURE 15—1 


Division 
Project - 


CAPITAL PROJECT FINANCIAL EVALUATION AUDIT CHECKLIST 


Original Request - 
Latest Estimate/Actual 
General Comments - 
Audit Performed by - 
Date of Audit - 

Item 

Funds Km ployed 


Payback 

Years 


Return on 

Funds Employed Total New Funds 

5 Years 10 Years 5-Yr. Average 10-Yr. Average 


1. Cash 


2. Receivables 


3. Inventories 


4. Prepaid and 
Deterred 
Expense 


B 


Points To Be Checked 

Was total computed according 
to formula? 

Compare Latest Estimate or 
Actual to total reported in 
original submission for: 

1. Reasonableness of absolute 
amount. 

2. Relationship to Net Sales. 

3. Obtain reason for 
significant differences. 

Compare relationship to Net 
Sales for this project to the 
relationship for the division in 
total. 

C. Check Distribution Sales and 
Service allocations. 

A. Compare Latest Estimate or 
Actual to total reported in 
original submission for: 

1. Reasonableness of absolute 
amount. 

2. Inventory turnover (cost of 
goods sold + inventory). 

(a) Also compare to 
Divisional Turnover. 

3. Obtain reason for 
significant differences. 

B. Is total shown incremental to 
this project? 

1. Check division’s allocation 
of inventory to this project. 

2. Check levels of inventory 
for this product both 
before and after this 
project. 

A. Compare Latest Estimate or 
Actual to total reported in 
original submission for: 

1. Reasonableness of absolute 
amount. 

2. Relationship to expense 
items in Profit and Loss 
(marketing, etc.). 

3. Obtain reasons for 
significant differences. 


Yes 

Sat. 


Ho 

tJn- 

sat. 


Un- 

nec. 


Remarks/ 

Reference 
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FIGURE 15-1 (continued) 


No 

Yes Un- Un- Remarks/ 
It em Points To Be Checked Sat, sat, nec. Reference 

B. Check division’s computations. --- 

C. Check books of account for 
years where actual figures are 

available. --- 

Current A. Compare Latest Estimate or 

Liabilities Actual to total reported in 

original submission for: 

1. Reasonableness of absolute 

amount. --— 

2. Obtain reason for 

significant differences. —- 

B. Check division’s computation. --- 

1. Has 50% of tax expense 

been included? -—- 

>. Total Working A. Verify arithmetical accuracy 
Funds of total (lines 1 through 4, less 

line 5). -—- 


Land A. Compare Latest Estimate or 

Actual to total reported in 
original submission for: 

1. Reasonableness of absolute 
amount. 

2. Obtain reasons for 
significant variation. 

B. Trace amount capitalized to: 

1. Original purchase records. 

2. Engineering reports. 

3. Check year-end 
workpapers. 

8. Buildings A. Compare Latest Estimate or 

Actual to total reported in 
original submission for: 

1. Reasonableness of absolute 
amount. 

2. Obtain reasons for 
significant variation. 

B. Trace amount capitalized 
from Construction Work in 
Progress into fixed asset 
account. 

1. Spot check invoices in 
vendor’s files. 

2. Check engineering final 
close-out report. 

3. Check year-end 
workpapers. 

C. Does total shown in first year 
plus first-year depreciation 
equal amount in original 
request? 

D. Verify reasonableness of 
depreciation method: 

1. Is method used acceptable? 

2. Is estimated life of asset 
reasonable? 


\v Ml 
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Item 

9. Manufacturing 
and 

Engineering 


10. Total Engr’g . 


1 1- Other (Explain) 


12. Ex pense 
(AfterTaxes) 


13. Total Capital 
Funds 

14. Tot. New 
Funds 

15. Cumulative 
Depreciation 


FIGURE 15-1 (continued) 

No 

Yes IJn- Un- 
Points To Be Checked Sat, sat, nec. 

A. Compare Latest Estimate or 
Actual to total reported in 
original submission for: 

1. Reasonableness of absolute 

amount. __ 

2. Obtain reasons for 

significant variation. __ 

B. Trace amount capitalized. __ 

1. Check engineering reports. __ 

2. Check vendors’ invoices. _ 

3. Check year-end 

workpapers. _ 

C. Does total shown in first year 
plus first-year depreciation 
equal amount in original 

request? _ 

D. Verify reasonableness of 

depreciation method: __ 

1. Is method used acceptable? __ 

2. Is estimated life of asset 

reasonable?_ 

A. Compare Latest Estimate or 
Actual to total reported in 
original submission for: 

1. Reasonableness of absolute 

amount. _ 

2. Obtain reasons for significant 

variation._ 

B. Check total to Engineering 

Report on Project._ 

A. Compare Latest Estimate or 
Ac tual to total reported in 
original submission for: 

1. Reasonableness of absolute 

amount._ 

2. Obtain reasons for significant 
variation. 

A. CCompare latest Estimate or _ 

Actual to total reported in 

original submission for: 

1. Reasonableness of absolute 

amount._ 

2. Check to total expense 
amount included on 

Appropriation Request. _ 

3. Obtain reasons for significant 

differences. _ 

B. Verify that total has been 

repeated for all years. _ 

A. Verify arithmetical accuracy 
of total (add lines 7 through 

A. Verify arithmetical accuracy 

of total (lines 6 plus 13). ' __ 

A. Determine that line 15 equals 
cumulative annual 
depreciation shown on line 
32. (The accuracy of line 32 

will be determined later.)_ 


Remarks/ 

Reference 
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Item 

16. Cum, Net 
Profit & 
Depreciation 

17. New Funds 
to Repay 


Profit and Loss 
Protection 

18. Gross Sales 


19. Deductions 


FIGURE 15-1 (continued) 

No 

Yes Un- Un- Remarks/ 
Points To Be Checked Sat, sat, nec. Reference 

A. Determine that this line is 
identical to line 34. (The 
accuracy of line 34 will be 

determined later.) - 

A. Determine that this line 
equals line 14 plus line 15 

minus line 16 for each year. - 

B. Verify accuracy of payback 
calculation (shown on top of 
form). 

1. Determine the number of 
years with a figure on line 
17. This is the number of 
full years to repay that is to 
be listed on the first line in 

payback calculation above. - 

2. Determine the part year 
(second line above) by 
dividing the figure on line 
17 in the last mil year to 
repay column, by the total 
on line 33 in the 

succeeding year. - 

3. The sum of these items will 
determine the total years to 

repay. - 


A. Compare Latest Estimate or 
Actual to total reported in 
original submission for: 

1. Reasonableness of absolute 
amount. 

2. Obtain reasons for 
differences. 

B. Determine whether sales were 
incremental to this project: 

1. Check reasonableness and 
accuracy of division’s 
calculations. 

(a) Where appropriate, 
check production 
records and convert 
output to sales dollars. 

2. If not a new product, 
determine capacity of 
previously existing facilities 
and subtract this from total 
sales for product, which 
should give incremental 
sales. 

A. Compare Deductions from 
Gross Sales in this Profit and 
Loss projection to the 
historical and planned rate 
for: 

1. The total division, and 

2. The total product Profit 
and Loss, and 

3. Obtain reasons for any 
significant variations. 

4. Check divisional allocation 
to this project. 
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Item 

20. Net Sales 

21. Cost of 
Goods Sold 

Sc Sc 

22. Gross Profit 


23. Advertising 


24. Selling 


FIGURE 15-1 (continued) 

Ho 

Yes fTn- Un- 
Points To Be Checked Sat, sat, neo. 

A. Verify arithmetical accuracy 

(line 18 less line 19). __ 

A. Check division’s computation. ___ 


1. Review cost records before 
and after capital project, 
thereby ascertaining 
savings. 

B. Compare the Gross Profit rate 
in this Profit and Loss 
projection to the historical 
and planned rate for: 

1. The original submission, 
and 

2. The total division, and 

3. The total product Profit 
and Loss, and 

4. If a new product, to any 
similar products. 

5. Obtain explanations of 
significant variations. 

A. Check division’s computation. 

B. Compare as a % of Net Sales 
to the historical and planned 
rate for: 

1. The original submission, 
and 

2. The total division, and 

3. The total product Profit 
and Loss, and 

4. If a new product, compare 
to similar products when 
possible, and 

5. Observe trends in rate and 
absolute amounts, 

6. Obtain explanations of any 
significant variations. 

A. Check division’s computation. 

B. Compare as a % of Net Sales 
to the historical and planned 
rate for: 

1. The original submission, 
and 

2. The total division, and 

3. The total product Profit 
and Loss, and 

4. If a new product, compare 
to similar products when 
possible, and 

5. Observe trends in rate and 
absolute amounts, 

6. Obtain explanations of any 
significant variations. 


Remarks/ 

Reference 
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FIGURE 15-1 (continued) 


Item 

25, General 
and 

Administrative 


26. Research 


27. Other 


28. Adjustment 


29, Profit Before 
Taxes 

30. Taxes 

31 . Net Profit 

32. Annual 
Depreciation 

33. Annual Net 
Profit & 
Depreciation 



Yes 

No 

Un- Un¬ 

Remarks/ 

Points To Be Checked 

Sat. 

sat. nec. 

Reference 


A. Check division’s computation. 

B. Compare as a % of Net Sales 
to the historical and planned 
rate for: 

1. The original submission, 
and 

2. The total division, and 

3. The total product Profit 
and Loss, and 

4. If a new product, compare 
to similar products when 
possible, and 

5. Observe trends in rate and 
absolute amounts, 

6. Obtain explanations of any 
significant variations. 

A. Check division’s computation. 

B. Compare as a % of Net Sales 
to the historical and planned 
rate for: 

1. The original submission, 
and 

2. The total division, and 

3. The total product Profit 
and Loss, and 

4. If a new product, compare 
to similar products when 
possible, and 

5. Observe trends in rate and 
absolute amounts, 

6. Obtain explanations of any 
significant variations. 

A. Division should satisfactorily 
explain totals included on this 
line. Auditor should take 
steps necessary to satisfy 
himself of reasonableness and 
accuracy of these totals. 

A. Division should satisfactorily 
explain totals included on this 
line. Auditor should take 
steps necessary to satisfy 
himself of reasonableness and 
accuracy of these totals. 

A. Verify arithmetical accuracy. 

A. Verify that proper tax rate 
has been used. 

A. Verify arithmetical accuracy. 

A. Determine reasonableness of 
totals (see Items 8D and 9D). 

A. Verify arithmetical accuracy 
(lines 31 plus 32). 
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FIGURE 15-1 (continued) 


Item 

34, Cumulative 
Net Profit and 
Depreciation 


Points To Be Checks 

A. Verify arithmetical accuracy 
(should equal the cumulative 
total of line 33). 


No 

Yes Un- Un- Remarks/ 
Sat, sat, nec. Reference 


5-ancl 10-Year 
Averages 


Return on Funds 


A. Verify arithmetical accuracy of 
all 5- and 10-year average 
figures shown. 

A. Verify that correct 5- and 10- 
year average figures have been 
brought up to Return on Funds 
section in the upper right-hand 
corner of the form. 

B. Confirm Return on Funds 
calculations for both the 5- and 
10-year periods. 


Since managing the capital budget is usually a rationing problem, a company 
cannot afford to tie up funds in investments that are below acceptable standards. 
Managing the capital budget must be viewed as a continuing process of 
optimally allocating available funds. Thus, this process must include the 
reevaluation of projects already undertaken. 

When investment opportunities are initially considered, key variables are 
identified and assumptions are made to arrive at some choice. As time passes 
changes can occur that could affect these key variables. Assumptions made 
initially may prove incorrect, or perhaps some additional unforeseen new 
investment opportunities may arise. Failure to abandon projects that are no longer 
desirable could be very costly. By the same reasoning , failure to abandon projects that could 
make funds available for substantially better investment opportunities might also be costly from 
an opportunity standpoint. Therefore, the prudent financial manager must incorpo¬ 
rate abandonment values (at various points throughout the life of the project) 
into the analysis for capital project evaluation and selection. 

The most widely cited work in the abandonment area under conditions of 
changing risk posture is that due to Robichek and Van Horne, 5 in which they 
recommend the use of decision trees and simulation to handle abandonment 
vaiues To illustrate the use of decision trees, consider Figure 15-3, which shows 
the cash flows for project A over its 3-year useful life. 6 Note that Figure 15-3 has 
the same design as the tree diagrams for single projects, which are discussed in 
Chapter 12. However, the presence of the abandonment option (which is shown 
at the bottom of the figure) necessitates that a decision-tree approach be taken to 
evaluate whether the project should be abandoned or not at each point in time 
where this option exists. Figure 15-4 shows a small part of the decision tree that 


ValUC “ d Ca P ital Budge ,^Journal of 
S 5 T 79-582 amPle ° riginally a PP eared in Rachel, and Van Home, “Abandonment Value,” pp. 



FIGURE 15-2 Postcompletion Audit Form for Capital Projects 
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FIGURE 15-3 Expected Future Cash Flows for Project A 
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at end of period: 

$ 3,000 $ 1,900 



FIGURE 15-4 Partial Decision Tree for Project A 
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would be necessary to evaluate abandoning project A. If the cash flow in period 
1 was $1,000, in order to decide whether the project should be abandoned at the 
end of period 1, the entire tree in the exhibit must be folded back. We know that 
the value of the project if abandoned at the end of period 1 is $3,000, but we 
must compute the value of the decision alternative “don’t abandon.” This 
necessitates evaluation of all subsequent states of nature and decision alternatives 
which emanate from this branch, in order to compare the expected values of 
these two alternatives. The procedure then is to select the alternative at each 
decision node which maximizes the expected present value of future benefits. For 
the abandon alternative, the expected present value is merely the expected value 
of the abandonment value probability distribution; whereas for the don’t aban¬ 
don alternative, we would have to compute the present value of all future cash 
flows whether they be from keeping the project or abandoning it later. This 
process is illustrated in Example 1. 


□ EXAMPLE 1 Abandonment Values at End of Period 2 

For each of the cash-flow sequences shown in Figure 15-3 determine whether it 
would be better to abandon or retain at the end of year 2. Assume that all cash flows have 
already been discounted for time. 

Solution: For each of the branches shown in the decision tree, the value of not 
abandoning is found by summing the product of the year 3 cash flows multiplied by their 
respective probability of occurrence. The decision is made by comparing this value to the 
abandonment value of $1,900. 


Period 1 Period 2 

Flow Flow 


$1,000 

$ o 

1,000 

500 

1,000 

1,000 

2,000 

1,000 

2,000 

2,000 

2,000 

3,000 

3,000 

2,000 

3,000 

3,000 

3,000 

3,500 


Value of 
Not Abandoning 
at End of Period 2 

-$ 500 
0 

1,000 

1,000 

2,000 

3,000 

2,000 

3,000 

3,500 


Decision 

Abandon 
Abandon 
Abandon 
Abandon 
Don’t abandon 
Don’t abandon 
Don’t abandon 
Don’t abandon 
Don’t abandon 


Thus, the partially folded back decision tree would appear as in Figure 15 5. Note that 
the branch of the less desirable alternative at the end of period 2 has been marked with a 
pair of parallel lines. 


Example 1 is continued in Example 2, where we evaluate abandonment at 
the end of period 1. To evaluate the alternative of abandoning or not at the end 
of period 1, we would fold back the tree to the end of period 1. The value of not 
abandoning is determined by adding the value of the optimal decision at the end 
of period 2 (found in Example 1) to the cash flows in period 2 and then 
multiplying by the respective probability of occurrence and summing over all 
events. This is shown in Example 2 on page 236. 
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FIGURE 15-5 

End of End of 

Period 1 _ Period 1 Period 2 Period 2 
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□ EXAMPLE 2 Abandonment Decisions at the End of Period 1 

For each of the possible cash flows of project A that can occur in period 1, compute 
the expected value of not abandoning and determine the optimal decision (abandon or 
not) at that point in time. 

Solution: For each of the three possible cash flows in period 1, the value of not 
abandoning project A is found by multiplying column 4 by column 5 in the following 
table: 


0) 

Period 1 
Cash Flow 

6?; 

. Period 2 
Cash Flow 

( 3 ) 

Value of 

Optimal Decision 
at End of Period 2 

(*) 

Sum of 
(2) and (3) 

( 5 ) 

Probability 
of Event 

(6) 

Value of 

Not Abandoning 
at the 

End of Period 

1 


$ o 

$1,900 

$1,900 

0.25 

$ 475 

$1,000 

500 

1,900 

2,400 

0.50 

1,200 

1,000 

1,900 

2,900 

0.25 

725 

$2,400 


$1,000 

$1,900 

$2,900 

0.25 

$ 725 

2,000 

2,000 

2,000 

4,000 

0.50 

2,000 

3,000 

3,000 

6,000 

0.25 

1,500 

$4,225 


$2,000 

$2,000 

$4,000 

0.25 

$1,000 

3,000 

3,000 

3,000 

6,000 

0.50 

3,000 

3,500 

3,500 

7,000 

0.25 

1,750 

$5,750 


The decision tree folded back to the end of period 2 is shown in Figure 15-6. Thus, the 
optimal decision at the end of period 1 would be to abandon project A if the cash flow in 
period 1 was $1,000; however, if the cash flow in period 1 was either $2,000 or $3,000, the 
optimal decision would be to continue to hold project A (i.e., do not abandon). 


FIGURE 15-6 

End of 
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Summarizing the results of Examples 1 and 2 by referring back to the two decision 
trees drawn, we see that (1) if the period 1 cash flow was $1,000, project A should be 

^ar he I™ 1 ° f Pen ° d 1; ® if 1116 P 6 ™* 1 1 cash flow was 82,000, the project 
should be held for the second period and abandoned at the end of the second period only if 

the period 2 cash flow was $1,000 (if the period 2 cash flow is either $2,000 or $3 000 the 
project should be held for period 3); (3) if the period 1 cash flow is $3,000, the project 
should be held for its entire useful life. Following these decision rules, the firm will 
optimally hold or abandoned project A over its life. □ 


The , demonstrate that the abandonment option increases the 

expected NPV of the project compared with the same project without the 
alternative of abandoning at various points throughout its useful life. In addi- 
tion, the abandonment option also has a desirable impact on both the absolute 

T^n atlVe rislc P r °j ect ’ as we ^ as on the skewness in the distribution of 

the NPV values over the project’s useful life. These characteristics are demon¬ 
strated m Example 3. 


□ EXAMPLE 3 Impact of Abandonment on Project Risk 

Consider project B, which has a 2-year useful life, an original cost of $400,000 
possible cash inflows (in thousands of dollars) as follows: 


, and 



Period 1 


Period 2 


Cash Flow 



Conditional 

--ii___ 

Cash-Flow 

Probability 

Cash Flow 

Probability 

Sequence 

$300 

0.3 

$250 

0.30 

1 



300 

0.50 

2 

$400 


350 

0.20 

3 

0.4 

$300 

0.30 

4 



400 

0.50 

5 

$500 


500 

0.20 

6 

0.3 

$400 

0.30 

7 



500 

0.40 

8 



600 

0.30 

9 


The firm’s cost of capital is 1 2% and the undiscounted cash flows 
lead to an expected NPV of $271,000 as follows: 


tabulated ajbove would 


Sash-Flow 

Sequence 

Total Present 
Value of 

Cash Flow 
(thousands ) 

Sequence 

Probability 

Expected 

Value 

(thousands) 

1 

$467 

0.09 

$ 42 

2 

507 

0.15 

76 

3 

547 

0.06 

33 

4 

596 

0.12 

72 

5 

676 

0.20 

135 

6 

756 

0.08 

60 

7 

765 

0.09 

69 

8 

845 

0.12 

101 

9 

925 

0.09 

83 



TOO 

$671 
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Expected present value — $671,000 
Initial investment = 400,000 
Expected net present value = $271,000 

In addition, the calculation of the variance, semivariance, measure of skewness, and 
coefficient of variation for project B shown below uses the techniques developed in 
Chapters 12 and 13. 


Cash-Flow 

Sequence 

NPV of 
Sequence 

Expected 

NPV 

Sequence 

Deviation 

Sequence 2 
Deviation X 

Sequence 
Probability — 

Result 

1 

$ 67 

$271 

-$204 

41,616 

0.09 

3,745 

2 

107 

271 

- 164 

26,896 

0.15 

4,034 

3 

147 

271 

- 124 

15,376 

0.06 

923 

4 

196 

271 

- 75 

5,625 

0.12 

675 

5 

276 

271 

+ 5 

25 

0.20 

5 

6 

356 

271 

+ 85 

7,225 

0.08 

578 

7 

365 

271 

+ 94 

8,836 

0.09 

795 

8 

445 

271 

+ 174 

30,276 

0.12 

3,633 

9 

525 

271 

+ 254 

64,516 

0.09 

5,806 





1.00 

20,194 




Variance 

= V B = 20,194 





Standard 

deviation 

= 0^=^20,194 

= $142 



Semivariance = SV B : 
Measure of skewness = 


= 9,377 
= 1.077 


B 

°B 


Coefficient of variation = —r— 




0.524 


Now, consider that the firm has the option to abandon project B at the end of year 1 
for $280,000. Compute the expected NPV, the standard deviation, variance, semivan- 
ance, measure of skewness, and coefficient of variation given the abandonment option and 
show that these measures dominate their counterparts given that the abandonment option 
did not exist. 

Solution: Given the possible cash inflows in periods 1 and 2 and their associated 
probabilities as shown in the first table above, the expected present values of the second 
period’s cash inflows are computed in the following table: 


Cash-Flow 

Sequence 

Cash Flow 

Present a 
Value 

Conditional 

Probability 

Expected 
Present Value 

1 

$250 

$199 

0.3 

$ 60 

2 

300 

239 

0.5 

120 

3 

350 

279 

0.2 

56 




Branch total 

$236 

4 

$300 

$239 

0.3 

72 

5 

400 

319 

0.5 

160 

6 

500 

399 

0.2 

80 




Branch total 

$312 

7 

$400 

$319 

0.3 

96 

8 

500 

399 

0.4 

160 

9 

600 

478 

0.3 

143 




Branch total 

$399 


Present value of salvage (0.8929)($280) — $250 



PV factor = 0.7972. 
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I f oon CaS V nflOW ° f ^ 30 ° ° CCUrS m period 1} P ro J ect B is expected to be abandoned for 
35280 at the end of period 1. Cash-flow sequences 1 to 3 are reduced to one sequence with 
a present value of $518 (i.e., $300 + $280)(0.8929). In all other cases, the project is held 
for year 2 rather than abandoned. The following table computes the expected NPV with 
the abandonment option: 


Cash-Flow 

Total Present 
Value of 

Sequence 

Expected 

Sequence 

Cash Flow 

Probability 

Value 

1-3 

$518 

0.3 

$155 

4 

596 

0.12 

72 

5 

676 

0.20 

135 

6 

756 

0.08 

60 

7 

765 

0.09 

69 

8 

845 

0.12 

101 

9 

925 

0.09 

83 



roo 

$675 


Expected present value = $675 
Initial investment = 400 


Expected net present value = $275 

Given these calculations, we now compute the measures of risk and skewness for the 
abandonment option. 
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As shown, all the measures of risk and skewness moved in a favorable direction as the 
abandonment option was included. Notice that the standard deviation has decreased by 
4.2% and the relative size of the standard deviation to the expected return has decreased 
by a significant 5.5%. Further, the measure of skewness has increased 5.4%, to 1.155. 
Since the skewness value is greater than 1 and larger than before, the distribution is more 
skewed to the right than previously. A distribution more skewed to the right has a lower 
downside risk. Thus, the risk of cash flows below the expected value is reduced. u 


Reflecting on the results of Example 3, it should be stressed that the 
abandonment option will not always have the impact on project risk and return 
obtained in that problem (i.e., project risk was reduced and project return was 
increased). On the contrary, project risk could increase if the expected abandon¬ 
ment values are sufficiently large and/or project return could decrease if 
abandonment variances are sufficiently small. Thus, the abandonment option m 
its most general form should be handled by using the utility maximization 
criterion based upon the investor’s risk-return preferences. 

As can clearly be seen from Examples 1, 2, and 3, the ca culations can 
quickly become tedious as the number of periods increase, or the number of 
possible cash flows each period increase, or if the abandonment value is known 
only by a probability distribution. Thus, Robichek and Van Horne recom¬ 
mended and illustrated the use of the Monte Carlo simulation under such 
conditions. 8 The simulation model to handle the abandonment problem is a 
straightforward extension of the models discussed in Chapter 22. Ini ad ltion, t e 
interested reader is referred to the appendix in the Robichek and Van Horne 
article, 9 where the authors give a brief description of the simulation model they 

Finally, Bonini formulated a dynamic programming model that finds the 
optimal abandonment strategy under both conditions of certainty and uncer¬ 
tainty. 10 The approach can also be viewed as an analytic extension of the Hiiiier 
formulation for quantifying project risk 11 where the abandonment option exists. 
The interested reader should consult this reference. . , 

This section should be closed with a word of caution. Capital budgeting 
projects should be monitored, and it may become advantageous to terminate 
some. However, the abandonment decision must stand the test of maximizing 
shareholders’ wealth. It is often extremely difficult to estimate the costs and 
benefits of abandoning large capital projects which may necessitate closing down 
or selling off a product line or division. Such changes involve disentangling 
accounting and tax effects, managerial reassignments, work-force dislocations, 
customer relations problems, community and societal impacts, and so on. Thus, 
the process can entail very long lead times, perhaps spanning a decade. I e 
proper timing of abandonment and the attendant dislocations affect the ultimate 
decision and modify the structures of theory. 


7 The authors thank Dr. Arthur C. M. Clarke for pointing out these aspects m a book review on the 
first edition of this text which was published in The Engineering Economist . 

8 Robichek and Van Horne, “Abandonment Value,” pp. 582-584. 

loI C d p P Bonfni, “Capital Investment Under Uncertainty with Abandonment Options,” Journal of 
Financial and Quantitative Analysis, 12, no. 1 (March 1977), 39-54. _ T ” 

11 F. S. Hillier, “ The Derivation of Probabilistic Information for the Evaluation of Risky Invest e , 


Management Science, 9, no. 3 (April 1963), 443 457. 



Chapter 75 : Monitoring and Controlling the Capital Budgeting Process 241 


COST-JUSTIFYING CAPITAL BUDGETING 

Capital budgeting must be monitored by management for yet another 
reason: it can be expensive in manpower, time, and facilities. The sophistication 
of the process naturally varies with the size of the firm and the importance of the 
projects under consideration. Also, the techniques we have discussed can be 
applied to a wide variety of project types: plant and equipment; lease versus buy 
analysis; refunding proposals; advertising expenditures; research and develop¬ 
ment projects; and abandonment issues. So many and varied are the applica¬ 
tions that at the outset, management must establish a cutoff point; that is, 
spending proposals below a certain amount will be treated as simple expenditure 
items. Above this amount, the budgeting process will take over. 

The objective is to establish a cost-effective budgeting procedure. This is 
fostered by following up on projects to assure that the desired return is realized, 
abandoning projects that fail the test, and limiting the budgeting process to 
projects of a size appropriate to the analytical techniques applied. The latter, it 
should be noted, is not the most common sin of the U.S. financial management; 
rather the converse spending large sums without appropriate analysis. 

Nonetheless, one can appropriately raise the question of whether firms using 
the more sophisticated discounted-cash-flow methods show enhanced profitabil¬ 
ity compared to those which adhere to older rules of thumb. The evidence is 
uncertain on the point and the analysis difficult, owing to the presence of so 
many variables intruding on the firm’s profitability other than the capital 
budgeting decision. Yet we can cite some research on the topic. George A. 
Christy, for example, matched earnings per share of his surveyed companies 
against the capital budgeting techniques employed. Christy found no significant 
relationship between profitability and the methodology of long-range asset 
management. 12 

By contrast, Suk H. Kim at the University of Detroit surveyed 114 machin¬ 
ery companies and related their average earnings per share to several variables: 
the degree of sophistication in capital budgeting, size of the firm, capital 
intensity, degree of risk, and debt ratio. Kim found a positive relationship 
between profitability and the budgeting technique when the latter is considered 
as a broad process involving the added variables ignored in the Christy study. 13 


SUMMARY 

In this chapter we stress the importance of financial forecasting (both 
short-run and long-run) in the capital budgeting decision-making process. An 
overview of major assumptions and strategies in financial forecasting is pre¬ 
sented. 

12 George A. Christy, Capital Budgeting : Current Practices and Their Efficiency (Eugene, Ore.: Bureau of 
Economic Research, University of Oregon, 1966). 

1 “Capital Budgeting Practices in Large Corporations and Their Impact on Overall Profitability ” 
Baylor Business Studies (January 1979), pp. 49-66. 
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Next, the very important area of the review and evaluation of previously 
accepted capital projects is addressed. The impact of the abandonment option on 
the attractiveness of investment proposals is measured and illustrated by exam¬ 
ples. The optimal time to abandon a project is that period which leads to a 
maximization of the NPV considering both the present value of project cash 
inflows and the present value of the abandonment value. Under conditions of 
changing risk, it is shown that the abandonment option can increase the expected 
NPV, decrease both the absolute and relative risk of the project, and increase the 
positive skewness of the project (which reduces the downside risk of the project). 

Finally, the importance of cost-effective capital project evaluation is stressed 
so that firms avoid committing major dollar amounts without appropriate 
analysis. 


QUESTIONS/PROBLEMS 


/. Discuss the importance of capital budgeting to a firm’s overall strategic planning and 
the interrelationships between capital budgeting and the functional areas of finance, 
production, personnel, marketing, and accounting. 

2. Discuss the importance of forecasting to capital budgeting and the importance of 
taking cognizance of the assumptions underlying forecasting models in use. 

3. List at least three reasons why capital investment projects may have to be abandoned 
before the end of their useful lives in order to maximize shareholders’ wealth. 

4. The Ridgway Company is evaluating a capital project that it feels has quite a bit of 
uncertainty associated with it. Namely, the firm feels that the following probabilities 
should be assigned to various cash flows and abandonment values (which are all 
considered to be independent): 


Cash 

flows 

Abandonment 

values 


Period 

7 2 3 4 

+ $ 9,000 + $ 8,000 


Pr - 0.2 
Pr « 0.5 
Pr = 0.3 
Pr = 0.3 
Pr = 0.6 
Pr = 0.1 


0 

— $14,000 

- 20,000 
- 22,000 


+ $10,000 
+ 12,000 
+ 13,000 
+ 10,000 
+ 11,000 
+ 12,000 


+ 14,000 
+ 15,000 
+ 7,000 

+ 9,000 

+ 11,000 


+ 15,000 
+ 17,000 
+ 6,000 
+ 7,000 

+ 8,000 


+ $ 7,000 
+ 16,000 
+ 19,000 
+ 4,000 

+ 5,000 
+ 6,000 


The firm’s cost of capital is 12%, and this project is considered to be of average 
riskiness to the firm. Because of the independence between successive years’ cash flows 
and between these flows and the abandonment values, expected values can be used to 
determine the NPV and the optimal time to abandon. Compute the following. 

(a) The expected NPV if the project is held to the end of its useful life. 

(b) The optimal time to abandon the project, which is determined by maximizing the 
expected value of NPV’”. 

5. Jones Brothers, Inc., is considering investing in a new machine to package cough 
drops. The machine has a potential useful life of 3 years, with a possibility of 
abandonment at the end of year 1 or 2. The possible cash flows, abandonment values, 
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and their associated probabilities are as follows: 


Year 1 

Cash Flow Prob. 


Year 2 
Cash Flow 


$4,000 



$ 6,000 
7,000 
8,000 


Year 3 


Prob. Cash Flow 

-- - 


0.2 

0.4 

0.4 



$ 8,000 
10,000 
12,000 
13,000 
15,000 


Prob. 


0.3 

0.3 

0.4 

0.3 

0.3 


9,000 



8,000 

11,000 

12,000 



10,000 

11,000 

13,000 

15,000 

16,000 


At the end of year 1: At the end of year 2: 


Value 

Probability 

Value 

Probability 

$16,000 

0.2 

$10,000 

0.3 

18,000 

0.7 

12,000 

0.6 

19,000 

0.1 

14,000 

0.1 


0.2 

0.4 

0.4 

0.2 

0.4 


Jones Brothers’ required rate of return for this project is 14%. 

(a) Draw the complete decision tree, which represents the decision alternatives avail¬ 
able to the firm at various points through time. 

(b) For each of the possible cash flows during year 2, determine whether the project 
should be abandoned at the end of year 2. 

(c) For each of the cash flows during year 1, determine whether the project should be 
abandoned at the end of year 1. 

(d) Summarize your results in parts (b) and (c) concerning what the firm should do in 
both years for all possible cash flows that could occur (i.e., make a recommenda¬ 
tion to Jones Brothers about whether it should hold or abandon the asset for each 
possible cash flow). 

(e) Assuming that the project cost is $20,000, compute the expected NPV, a NPV , 
semivariance, measure of skewness, and coefficient of variation for the project 
without the abandonment option. 

(f) Compute all of the measures mentioned in part (e) but this time with the 
abandonment option. 




iNTRoducrioN to CApiiAl Asset PRiciNq 


In our discussion of portfolio effects, we measured portfolio risk by determining 
the covariance of each project (or security) with all other projects (or securities) 
in the combination. The calculations (variances and covariances) for even a 
small number of projects quickly become voluminous. The number of inputs for 
a portfolio of N projects equals N(N + 3)/2, since we need to consider the 
expected return and standard deviation for each security and the covariance 
between all possible pairs of securities. If management were evaluating 12 
projects, this approach entails 90 calculations. As N increases in size, the input 
requirements grow geometrically; witness, that 100 projects would require 5,150 
inputs and 200 projects would require 20,300 inputs! In addition, the problem of 
estimating probabilities and joint probabilities of the cash flows further com¬ 
plicates the application of the portfolio model to capital budgeting. Theoreti¬ 
cians can point to conceptual devices for estimating probabilities, but at this 
stage of their development, they do not enjoy wide currency among managers. 

An alternative approach, employing techniques familiar to financial 
managers and corporate economists, uses the capital asset pricing model 
(CAPM). 1 This relates the return of a project (or security) to a broad-based 
economic indicator of returns on risky assets such as Standard & Poor’s 500 
Index of Stocks, industry profitability ratios, and so on. The model posits a linear 
correlation between the returns on the risky asset and the index. 


1 For purposes of study of capital asset pricing, we define capital asset as one with a life of more than 
1 year, expected to earn an income sufficient to cover the amortization of its acquisition cost and 
operation expenses plus a net yield commensurate to the time value of money and risk. The term 
includes long-lived physical assets (plant and equipment) plus claims on such assets (common stocks, 
bonds, and other securities). 
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In contrast to the number of calculations demanded by the full variance- 
covariance portfolio model, the new input requirement is simply 3//+ 2 when 
using Sharpe’s single-mdex model, expressed as Equation (1) in the next section, 
ror 12 projects, this totals 38 inputs, a reduction of 52; for 100 projects 302 
inputs are required; for 200 projects, 602, which are reductions of 94% and 97% 
respectively compared to the full variance-covariance model. Moreover simple 
linear correlation is a rudimentary technique in statistical analysis and sales 
forecasting. Thus, business managers and staff specialists have at least a nodding 
acquaintance with the idea involved. In sum, we shall pursue the same objective 
constructing and evaluating portfolios by their expected return and standard 
deviation-but use market-based data rather than direct comparison of project 
cash flows. This has the added advantage of stressing the link between the 
financial manager and the investor. How the investor values the decisions of 
management determines the present worth of the enterprise. 

CAPM has a potential significance in capital budgeting in that: 

1. It provides a method of determining the expected or required return of a 
capital project or security, if it can be related to a broad-based economic 
indicator. 

• 2 II pr ° vldes an al ternative calculation for the cost of capital as discussed 
in Chapter 17. 

3. It can be used in the valuation of the firm and to determine the firm’s 
incremental debt capacity if a project is accepted. Thus, it ties together the 
investment and financing decisions as well as the valuation process. This 
application of CAPM is illustrated in Chapter 17. 


THE SINGLE-INDEX MODEL 

Sharpe- ^ art ^ StUdy ° f CAPM ’ consider the single-index model developed by 

( 1 ) 

where R Jt = random variable showing the return on asset j (a project or security) 
in period t 

R mi = random variable showing the return on a broad-based market index 
in period t 

a r = Parameters for asset j (which are developed by regression analysis) 
which best describe the average relationship between the returns R t and 

^rnl Jl 

e jt = random-error term for asset j in period t 

This simple linear regression model determines the parameters a and B so 
that returns on individual projects (or securities) can be estimated using die 

<<A SimpHfied M ° del for Portfolio Analysis,” Management Science (January 1963), 
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equation plus an estimate for the value of the market index. It should be pointed 
out that because R jt and R mt are both random variables, the simple linear 
relationship will not be 100% accurate; thus, the random-error term e Jt measures 
the difference between the actual returns on project j in period t and those 
predicted using the regression equation. In regression analysis, the parameters a, 
and B are determined by the method of least squares, which necessitates that the 
random-error term l, will have an expected value of zero and a variance that is 
a positive, finite constant, <£, for all values of t (the time variable). In addition 
to the assumptions above, the following three assumptions are also made m order 
to arrive at the significant simplifications discussed above. 


1. The random-error term is uncorrelated with the market index: 

Cov(^, R mt ) = 0. 

2. The random-error terms are not serially correlated over time: 
Co v(ej tf e j} t+n ) = 0 for any value of n. 

3. The random-error term for project j is not correlated with any other 
project’s random-error term: Cov(^, e it ) = 0. 

Given the assumptions above, we can determine the expected value and the 
variance of Equation (1). These values will be discussed in turn. 

e{Rj,) = E ( a j + + *jt) 

= «,- + B i{E{R m ,)) + E(i Jt ) 

= aj + Bj{E{R ml )) (2) 


where E(R ) and E(RJ are, respectively, the expected value of the return on 
project ; and the expected value of the return on the market index. 

Examining Equation (2) we see that the expected return on project j can be 
divided into two independent components: 

a . = return on project j due exclusively to its own merits 

B (e(R t )) = return on project j associated with the response of project J 

to changes in the broad-based index of economic activity R m i 

In ordinary regression analysis, these two components are, respectively, the 
y-intercept and the slope of the regression line. Both values (« ; ,B.) can be 
determined using the usual least-squares equations. Figure 16-1 shows the 
relationships. Equations (3) and (4) are the least-squares equations for a,- and B ; : 




(=i 




t = 1 


f= 1 


nURlA LKt 

t -i \ t=\ 


(3) 


aj = E(R j )-B J (E{R m )) 


Example 1 demonstrates the use of Equations (3) and (4). 


( 4 ) 
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□ EXAMPLE 1 Regression Model 

A new project is under consideration. This project is very similar to the project whose 
“t ^are a P .:o 0 sho™: ZOn ^ ^ The ret "™ “ *** 


Similar Project 


Market Index 


Period (t) 


R . 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


.09 

.07 

.10 

.09 

.10 

.10 

.11 

.12 

.10 

.11 

.11 

.10 

.11 

.10 

.10 

.09 

.09 

.08 

.07 

.07 


(a) Compute the values for a -and B . 

(b) Write and explain the regression equation. 

Solution: The following table will be helpful in computing a and B 


R. 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 




0.09 

0.10 

0.10 

0.11 

0.10 

0.11 

0.11 

0.10 

0.09 

0.07 


0.07 

0.09 

0.10 

0.12 

0.11 

0.10 

0.10 

0.09 

0.08 

0.07 


0.0063 

0.0090 

0.0100 

0.0132 

0.0110 

0.0110 

0.0110 

0.0090 

0.0072 

0.0049 


Total £/?=o.98 


HR mt = 0.93 LR jt R mt = 0.0926 

B - ~ (^mt)(^Rjt) 

_ 10(0.0926) -(0.93)('0,98j 
10(0.0889)-(0.93) 2 
_ 0.9260 -0.9114 
0.8890 - 0.8649 
= 0.6058 

- 0.098 -(0.6058)(0.093) 

= 0.0417 


0.0049 

0.0081 

0.0100 

0.0144 

0.0121 

0.0100 

0.0100 

0.0081 

0.0064 

0.0049 


ERl, = 0.0889 
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FIGURE 16-1 Simple Linear Regression Equation Relating Rj to R m 



Thus, the regression equation is 

E(Rj) = a j + b J (E(R m )) 

= 0.0417 + 0.6058[£(/?„)] 

The regression equation states that the expected return on the project (£(*,)) composes 
a basic*yield of 4.17% («,) plus 60.58% (B,) of the expected return on the market index 

(E(RJ). 


To complete our discussion of the single-index model, we now turn to 
Equation (5), which derives the variance of the returns on project j: 

Var(£„) = Var(>, + + C from Equation (l) 

= Var^) + Var^f^,,)) + Var(r,,) 

= + (g (5) 

where a,“ and (£ are, respectively, the variance on the market index and the 

variance*on the random-error term e jr 

Notice that the variance shown in Equation (5) stresses the fact that the total 

risk on project j can be attributed to two distinct types of risk: 


1. The risk associated with project 7 ’s response^ the market index multi¬ 
plied by the variability in the market index itself: B <jO m . , 

2. The risk associated with the random-error term of project j (i.e., due to 
unexplained causes other than the market index), Qj. 
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di ° f th - CSe haS C T e to b , e known as systematic risk. This risk cannot be 

The?n^ aWay Slnce 11 18 the result of variability in the market of risky assets. 
The latter is known as unsystematic risk. It can be diversified away through the 
selection of other risky assets that are lowly or negatively correlated wifh the 
asset in question. Thus we can speak of partitioning the total risk associated with 
the returns on project j into its two components: 

total risk = systematic risk + unsystematic risk 
on project.; (nondiversifiable) (diversifiable) 

°i -BX 2 + <£ 

■ ® everal interrelationships are worthy of note. The unsystematic risk on a 
given project, Q_ is the square of a familiar measure in regression analysis the 

“r Tw is m d e “- ^ " th " aVera « e — of 

equation d ” predicting returns on project j using the regression 


_ / variation due to error 


To more fully explain the numerator of this expression, we will partition the 
variance in returns on project 7 in a slightly different way than we did above. In 
regression analysis, the partitioning is as follows: 

total variation variation 

in returns of = explained by + 
project j the regression 

equation 

£{&*-%)*- i{E(R Jt )-R ; 2 


1 


variation 
due to error 
(unexplained 
variation) 


( 6 ) 


It should be noted that R jt refers to the actual return on project j; E(R ..) is the 
expected value of the return on project j in period t using the regression 
equation, R. is the expected value for the return on project j. The standard error 
of estimate is stated more formally as 


Q. f ~ 


>1 R 


-*(*/<)) 


( 7 ) 


Further, there are two final regression statistics of interest. The coefficient of 
determination shows the percentage of the total variation in the dependent variable 
at is explained by variations in the independent variable. The coefficient of 
nondetermination shows the percentage of the total variation that is left unexplained 
by the independent variable being used. Of course, the sum of these two 
coefficients must be 100%. By examining Equation ( 6 ), we see that these two 
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coefficient of determination = p 2 - 


coefficient of nondetermination = 1 ~ p 


.2 _ 


statistics may be expressed as shown in Equations (8) and (9). 

l ( £(;?,,)-if,) 2 

E ( V *>) 2 

The coefficient of determination is the square of the correlation coeffic^ 
this value is also related to the amount of covariance between the P r °J ect ^ turns 
and the returns on the market index. The computation of these statistics and 
3 ^ precise interpretation in the terms of our problem are illustrated in 

Example 2. 


( 8 ) 


(9) 


□ EXAMPLE 2 Calculation of Relevant Statistics 

For the data shown in Example 1, compute the following. 

(a) The standard error of estimate. 

(b) The coefficient of determination. 

(c) The coefficient of nondetermination. 

(d) The variance in the market index. 

(e) The variance of the returns on project j. 

(f) The correlation coefficient and the covariance between R jt an mr 

Solution: The following table will be helpful in computing the desired statistics 


above: 

(!) (?) 

t Rjt Rmt 

1 0.09 0.07 

2 0.10 0.09 

3 0.10 0.10 

4 0.11 0.12 

5 0.10 0.11 

6 0.11 0.10 

7 0.11 0.10 

8 0.10 0.09 

9 0.09 0.08 

10 0.07 0.07 

ZR Jt ZR mi 

Total 0.98 0.93 


(3) 

E(R jt ) 

(4) 

(Rji-Rj) 2 

0.0841 

0.000064 

0.0962 

0.000004 

0.1023 

0.000004 

0.1144 

0.000144 

0.1083 

0.000004 

0.1023 

0.000144 

0.1023 

0.000144 

0.0962 

0.000004 

0.0902 

0.000064 

0.0841 

0.000784 


ZE(R jt ) I (Ru-Pj) 2 

0.9804 0.001360 


( 5 ) 

(R it -E(R Jt )) 2 

0.00003481 

0.00001444 

0.00000529 

0.00001936 

0.00006889 

0.00005929 

0.00005929 

0.00001444 

0.00000004 

0.00019881 

Z(R jt -EiR Jt )) 2 

0.00047466 


(V 

(E(Rjt)-RjX 

0.00019321 

0.00000324 

0.00001849 

0.00026896 

0.00010609 

0.00001849 

0.00001849 

0.00000324 

0.00006084 

0.00019321 


(71 

(R m -R m y 

0.000529 

0.000009 

0.000049 

0.000729 

0.000289 

0.000049 

0.000049 

0.000009 

0.000169 

0.000529 


L(E(R Jt ) -Rjf L(R ml -R m ) 

0.00088426 0.00241 


Columns (1) and (2) in the table are the historical observations of « 


and R 


respectivelyHfor the "last 10 periods, as shown in Example 1. Column (3) showsthe values 
computed^by sutetituting L values of k M into the 1“us f Xh2 

shows the values for the square of the quantity of the actual R } , minus «j <™er 

t = ZR /10 - 0.098). Column (5) is the square of the difference between the actual * 

fcWl)] and the predicted value using the regress on W 

Column (6) is the square of the difference tetween coiumn Oland 

(7) is the square of the difference between column (2) and R m - LR mt /10 U.oyo. u , 



we see that the 
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total variation or total sum of squares = 0.00136 
variation explained by the regression equation = 0.00088426 
variation unexplained by the regression equation = 0.00047466 
total variation = explained variation -f unexplained variation 
0.00136 = 0.00088426 + 0.00047466 
0.00136 s 0.00135892 
(a) Standard error of estimate: 


n / 0.00047466 y - 

Q.j = y — Q _ 2 = v^O.0000593325 

= 0.007703, or 0.7703% 

This measure shows that the average amount of error made in predicting the return 
^ P i r ? eC ^™r ing th ~ return on the market index and our regression equation E(R ) = 
0.0417 + 0 6058 (E(R m )) is 0.7703%. Further, assuming thqt the variability around'the 
regression line approximates a normal distribution, +2 standard errors would include 
approximately 95% of the variations. Thus, we could be 95% certain that the return on 
project j would he within an interval described by the expected return (E(R )) plus and 

minus 1.5406% (2X0.7703%). V V j)) P 

(b) and (c) Coefficients of determination and nondetermination: 


P 2 = 


l-y 


0.00088426 

0.001360 

0.00047466 


=65% 


=35% 


computed using the usual 


0.001360 

i Th T L tW ? measures show that 65% of the variation in returns on project j is 
explained by the variation in the market index, while 35% of the variation in returns on 

project j is due to factors other than the variation in the market index used in the 
regression equation. 

(^) Variance in the market index: This measure is 
formula for variance: 

2 = _ 0.00241 

m n-1 

= 0.0002677 or 0.02677% 

The variance in the market index is the average variability in the return on the market 
index around the mean return. 

(e) Variance m returns on project j: This measure can be computed using either the 
general formula for the variance shown in part (d) or Equation (3): 

„ 2 _ 0.001360 

Rj «-l 10-1 

= 0.0001511 or 0.01511% 

Using Equation (3), we have the following: 


Var(*) 


n 2 _ t>2 2 
°Rj ~ BjO m 


+ e 


= (0.6058) 2 (0.0002677) + 0.0000593325 
°Rj * 0.0000982441 + 0.0000593325 
= 0.0001576, or 0.01576% 

The difference between these two figures is due to rounding. 
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(f) Finally, the correlation coefficient and the covariance between the returns on 
project j and the market are of interest. 

p = ^p 2 = coefficient of determination = 70.6501911765 
PR Jt R m = + 0 * 806 

The covariance is found in the usual manner: 

Cov^Rj, R m ) = (pR p R m )(°R J )(°m) 

= ( + 0.806) (0.0126) (0.0164) = 0.0001666 
Last, it can be shown that has an alternative definition of interest. 

Cov( + ,fi„) 

*+ 2 

0,0001666 
~ 0.0002677 

=0.622 ~ 0.6058 as computed in Example 1 

This definition underscores the nature of Bp it monitors the sensitivity of the project 
returns to changes in the market index. 

To conclude this section, note that the capital asset pricing model, subject to 
qualification, produces the same information on the project, an expected return, 
E(RX and sigma, a , as that developed from the probability distributions of 
period cash flows. However, by contrast, the E(Rj) and Oj from the CAPM 
model use market data (i.e., the relationship of project returns to a broad-based 
index). In this regard, the illustrations in Examples 1 and 2 assume that the 
relationship between the risky asset returns and the appropriate market index 
described by the beta value will hold for the future or at least the life of the asset. 
Hence, if the analyst has the expected return on the index over the relevant 
period! he or she can forecast the expected return, E(Rj), based upon the 
regression equation. The expected return should also be thought of as a required 
return given the relationship with the market index of risky asset returns. In the 
capital budgeting situation, this required return can be compared to an expected 
return calculated by conventional means (i.e., the expected internal rate ol 
return) and a decision made on the acceptability of the project. Our discussion of 
the cost of capital in Chapter 17 picks up this theme. 


PORTFOLIO PARAMETERS 

An important application of CAPM is its use to calculate the risk-return 
characteristics of portfolios. The portfolio return E(R p ) offers no special prob¬ 
lems: a simple weighted average of the expected returns on the individual 
projects (or securities), as shown in Equation (10): 

E(R f )-tx } E(R } ) 

j= i 



( 10 ) 
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where X- denotes the proportion of the total budget or portfolio invested in the 
Jth project (or security). 

In the same manner, the beta value of the portfolio, 3 (BA is given bv 
Equation (11): p & 7 


(a) 

However, the measurement of portfolio risk by the CAPM approach pro- 
vtdes interesting insights into the construction of portfolios. Recall from Chapter 
14 that the Markowitz formulation described portfolio risk as the weighted 
variance of the individual projects plus twice the sum of the weighted covari- 
ances: 



WpMM 


j +1 


Under CAPM, o p , based upon market data, becomes 




+ £ xfQ} 


( 12 ) 


Equation (12) recognizes two kinds of risk in a similar vein to that for individual 
securities discussed above: 


1. Systematic risk (B 2 tr m 2 ) is that portion of total risk (aj based upon the 
relationship with the market index ( R m ). Since all risky assets in the portfolio 
correlate to some degree with the index of risky assets, the systematic risk is 
nondiversifiable. No combination of risky assets can eliminate the market risk 

2. Unsystematic risk (IZ/QJ.) is that element of total risk (oj responding to 

forces beyond the market index. If the market discounts all that is known about 
the risky asset’s values, the unsystematic risk measures the variability in the 
returns due to unanticipated, or random factors. For example, the market may 
discount all that is known about the production, marketing, and financial 
strategies of General Motors, yet the price and yield on GM stock will still vary 
because of new, unforeseen, randomly occurring events (the energy crisis 
technological innovation, political turns, etc.). This is diversifiable risk and in a 
properly diversified portfolio, will tend to zero . The reason is as follows: 

is the square of the standard error of the estimate or the unexplained 
variance. As A is increased in the summation above, the values of X 2 become 
proportionately smaller, so that in the limit the summation approaches zero. 
Since the limit is never actually reached, the diversifiable risk will only approach 
zero. 


3 The reader should note that the portfolio beta value is also the beta for the firm as a whole, since the 
firm is an aggregate of all existing projects. 
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FIGURE 16-2 Effects of Diversification on Systematic, Unsystematic, and Total 

Risk 



Figure 16-2 shows how the two risks change as randomly selected securities 
are added to a portfolio. Empirical studies have shown that with as few as 10 to 
15 securities in a portfolio, total risk can be reduced to almost the systematic 
level. 4 

Example 3 illustrates the calculation of portfolio parameters under CArM. 


□ EXAMPLE 3 Calculation of Portfolio Parameters Using CAPM 

Consider a firm desiring to combine projects Zeta and Delta into a portfolio in the 
proportions shown in the table below. The procedures described in the previous section 
have already been applied and the regression equations developed with the market index 
also shown: 


Project Zeta _ Project Delta 

~ 0.05 002 

s' 0.5 1.5 

X: 0.6 0.4 

£ 0.0088 0.007 

Market index statistics: 

E(R m ) = 0.093, o Rm = 0.016 
Compute E(R p ),B p , and o p . 


4 gee J Evans and S. H. Archer, “Diversification and the Reduction of Dispersion: An Empirical 
Analysis,” Journal of Finance (December 1968), pp. 761-767; and K. H. Johnson and D. S. Shannon, 
“A Note on Diversification and the Reduction of Dispersion,” Journal of Financial Economics 
(December 1974), pp. 365-372. 
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Solution: To compute E(R p ), we must first compute the expected return on each 
project, using Equation (2). 

Project Zeta: 

E(Rz) = «z+*z{E{R m )) 

= 0.05 + 0.5(0.093) 

- 0.097 

Project Delta: 

E(R D ) = a D + B D ( E (R m )) 

= 0.02 + 1.5(0.093) 

= 0.16 

Portfolio expected return: 

JliRP-LXjEiRj) 

= 0.6(0.097)+ 0.4(0.16) 

= 0.1222 

Portfolio beta: 

= 0.6(0.5) + 0.4(1.5) 

= 0.9 

Portfolio standard deviation: 

o p = ] J(B p ) 2 (o R J 2 + ZX?(Q 

~ \/(0.9) 2 (0.016) 2 + (0.6) 2 (0.0088) 2 + (0.4) 2 (0.007) 2 
= \/0.00020736 + 0.0000278 + 0.00000784 
= \/0.000243 

= 0.0156 n 


EFFICIENT FRONTIER UNDER CAPM 

CAPM assumes a linear relationship between project returns and the market 
index. The random-error term, Qj, is assumed to be independent of the index 
and independent of the random terms for all other projects. As a result of these 
assumptions, which are not true in general, some part of the true variability of 
is lost. Hence, portfolios constructed by CAPM are less efficient compared 
to those constructed using the more elaborate covariance technique. Figure 16-3 
compares the approximate character of the index frontier to the true efficient 
frontier. 

The proximity of the index frontier to the true efficient set derived from the 
covariances of the cash flows depends on two related considerations: 

L Whether a linear function best describes the dependence of the projects 
(or securities) on the index. This advises experimentation with higher degree 
polynomials and transformations. 
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FIGURE 16-3 Comparison of Efficient Frontiers CAPM versus Covariance 

Technique 



Source: Kalman J. Cohen and Jerry A. Pogue, “An Empirical Evaluation of Alternative Portfolio- 
Selection Models,” The Journal of Business, 40, no. 2 (April 1967), 179. 


2. Whether the index selected is the best predictor of changes in the 
dependent variable j. In turn, this recommends the selection of an index after 
experimentation with a number of possible choices or the use of multi-index 
models. 


Capital Market Line 

For a given investor, the optimum portfolio locates at the tangency between 
his or her indifference map and the efficient frontier (Figure 14-5) common to 
all investors. But investors are a diverse group, their utility maps differ, and each 
might prefer a different point (optimum portfolio) along the common efficient 
frontier. The aggregate of these individual investor preferences is represented by the capital 
market line, as shown in Figure 16-4. For the market to be in equilibrium, the portfolio at 
M must contain every risky asset in the exact proportion to that asset's fraction of the total 
market value of all risky assets. That is, if all investors are holding a part of the same 
portfolio as their risky asset commitment, this portfolio would have to consist of 
all risky assets available in the marketplace. The portfolio at M, therefore, with 
each risky asset weighted by its market value relative to the total market value ot 
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FIGURE 16-4 Capital Market Line 



e (R p )~R f + 


E(R m )-R F 

- -- O, 


where E(R p )= expected return on an efficient portfolio 

o p — standard deviation of returns on portfolio p 
Rp == risk-free rate 

E(R m )=cx pected return on the market portfolio of risky assets 
o m -standard deviation of the market portfolio 


(13) 


Point R f on the capital market line describes the return on portfolios 
composed of risk-free assets (for example, Treasury bills). Moving up the market 
line, the investor allocates available funds to portfolios with larger proportions of 
risky assets The increased commitment to risky assets increases portfolio returns 
L t P° int the investor has all available funds invested in risky assets 

(the market basket of risky assets). Between points R F and M, the investor is in a 
creditor position (i.e, giving up funds in exchange for claims on assets). Beyond 
point M, the investor begins to leverage his or her portfolio by borrowing at the 
risk-free rate ( R F ) and investing the proceeds to build larger holdings of the 
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market basket of risky securities. Several conclusions follow: 

1. The expected return on an efficient portfolio is a linear function of its 

risk. 

2. All efficient portfolios would have to be on the capital market line. 

3. The slope of the line, [E(RJ~ R F ]/o m , is called the market price of risk or 

the price of risk reduction . . 

4. The intercept of the line, R F , is the market price of time, or the time value of 

money. . . .. , 

5. The relationship does not apply to individual securities or portfolios that 

are imperfectly diversified. This implies that there is no reward for assuming risk 
that could be eliminated by proper diversification. 

6 All investors with the market in equilibrium elect to hold the same portfolio ol 
risk assets (the market portfolio). If, for example, General Motors stock com¬ 
prised 3% of the total value of all publicly traded stocks, the risk segment of each 
investor’s portfolio should allocate 3% to GM. The dollar size of an investors 
portfolio depends on his or her wealth, but the profile of risky assets will be 
proportionately the same for each investor. Individual risk preferences affect 
only the allocation of funds within individual portfolios between risky and 
riskless assets 

7. Because all rational investors share in the market portfolio, each will 
perceive the riskiness of any given security in terms of its contribution to the 
riskiness of a fully diversified portfolio (i.e., the market portfolio). Hence, the 
financial manager needs to define risk in terms of the market portfolio if he or 
she is to be consistent with the criteria used by investors in valuing securities. 

8. Investors increase their returns by changing the proportions of their 
portfolio (Xj) invested in risky and risk-free securities. Higher risk and return 
result from increasing the proportion invested in risky assets. 


Security Market Line 


The capital market line dealt with required return on a portfolio . The security market 
line ( SML ) shows the required return on each security in relation to risk. Termed 
the market-price-of-risk line , every security in the market portfolio of risky assets 
will be priced so that its expected return may be calculated using Equation (14): 


E{Rj) = R F +[E(R m )-R F 


C Q v( R j > R m) 


(14) 


where E(RA designates the required return on a given security. 

The required return demanded by investors on a security, therefore, depends 
on the following four factors: 


1. The risk-free rate. 

2. The expected return on the market portfolio. 

3. The variance on the market portfolio. 

4. The covariance of the security’s returns with the market portfolio. 
The equation for the security market line is graphed in Figure 16-5. 
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FIGURE 16-5 Security Market Line 



The SML differs from the CML in two major respects: 

1. For the individual security, the risk measure is the covariance instead of 
the standard deviation. The substitution underscores that the risk of an individ¬ 
ual security or firm depends upon its contribution to the risk of the portfolio in 
which it is placed. 

2. The risk of the market portfolio is measured by its variance, not the 
standard deviation. 

If a security had a beta value of 2 [recall that B, = Cov(i? , R j/a 2 l and 
R f = 0.06 and E(R m ) = 0.10, then 7 J " 

E(Rj) = 0.06 + 2(0.10 -0.06) 

= 0.14, or 14% 

A rational, risk-averse investor would not acquire the risky asset unless it 
promised a return at least equal to 14%. In Figure 16-5, therefore, security X 
earns a return in excess of the market portfolio ( E(R m )) but is not a desirable 
investment, owing to its strong covariance with market returns; Y has a lower 
expected return but may be a worthwhile investment, owing to its low Correlation 
with the market portfolio; Z, a risky asset, correlates negatively with the market 
portfolio and hence E(R Z ) is less than the risk-free rate and therefore may also 
be worthy of consideration. Generally , with the SML drawn as shown in Figure 16-5 , 
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returns above the SML are acceptable {i.e., securities Y and Z); below the SML, the amount 
of risk assumed is not justified by the expected return ( i.e ., security X). An extensive 
example of CAPM applied to the selection of capital budgeting projects is 
included in Chapter 17. 


SUMMARY 

This chapter examines the capital asset pricing model, a new approach that 
can be beneficially applied to the valuation of risky assets, whether they be 
securities or capital projects. Accordingly, this chapter calls upon several con¬ 
cepts and statistics developed in previous chapters on risk analysis and portfolio 
effects. Examples are used to illustrate the calculations of important new CAPM 

parameters. . 

However, financial management is not an abstract science cultivating ab¬ 
struse mathematical models for self-edification. It survives by its ability to 
function. No matter how sophisticated the mathematical construct, a financial 
model must ultimately stand or fall on its contribution to the decision-making 
process. Contribution may take the form of a new insight on some aspect of 
financial management and/or the provision of a methodology to optimize 
results. We must now turn to the applicability of CAPM to the strategic decisions 
involved in long-term asset management. 


QUESTIONS/PROBLEMS 


/. For the data given below for project j and the market index, compute the values for otj, 
By, and write the regression equation: 

Period, t Project, R jt (%) Market Index, R mt (%) 

1 9 10 

2 8 9 

3 8 8 

4 10 8 

5 11 19 


2 . For the data given in Problem 1, compute and explain the following. 

(a) The E(R Jt ) value for each R mt . _ 

(b) The covariance between R Jt and R mtJ 

(c) The correlation coefficient between Rj t and R ml and explain its meaning. 

(d) The standard error of estimate. 

(e) The coefficient of determination. 

(f) The coefficient of nondetermination. 

3. For the data given in Problem 1, compute and explain the following: 

(a) The variance of the returns on the market index. 

(b) The variance of the returns on project j. 
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(c) The systematic risk on project j. 

(d) The unsystematic risk on project j. 

4. The Notos Company is analyzing a project shown below. To facilitate the computation 
of relevant statistics, the firm has prepared the following tables. 


Year R Jt 

Kp 

RjtRmt 

Rla E(R tl ) 


1 0.11 

0.10 

0.0110 

0.0100 0.1086 


2 0.12 

0.11 

0.0132 

0.0121 0.1179 


3 0.12 

0.12 

0.0144 

0.0144 0.1271 


4 0.13 

0.11 

0.0143 

0.0121 0.1179 


5 0.10 

0.10 

0.0100 

0.0100 0 .I 086 

Total 0.58 

0.54 

0.0629 

0.0586 0.5801 

Year 




R Jt -E(k } ,) 

1 

0.11 -0.116= - 

-0.006 

0.000036 

0.11 -0.1086= 0.0014 

2 

0.12-0.116 = 

0.004 

0.000016 

0.12-0.1179 = 0.0021 

3 

0.12-0.116 = 

0.004 

0.000016 

0.12 -0.1271 = -0.0071 

4 

0.13-0.116 = 

0.014 

0.000196 

0.13-0.1179= 0.0121 

5 

0.10-0.116= - 

-0.016 

0.000256 

0.10-0.1086 =-0.0086 

Total 



0.000520 


Year 

fiji ~ E(R n )f 


E(R Jt ) - R t 

[E(R„)-Rf 

1 

0.0000020 

0.1086-0.116= - 

0.0074 0.00005476 

2 

0.0000044 

0.1179-0.116 = 

0.0019 0,00000361 

3 

0.0000504 

0.1271 -0.116 = 

0.0111 o;ooo 12320 

4 

0.0001464 

0.1179-0.116 = 

0.0019 0.00000361 

5 

0.00007396 

0.1086-0.116= - 

0.0074 0,00005476 

Total 

0.00027716 



0.00023994 


Compute the following. 

(a) ot,B. 

(b) The covariance between R t and R mt . 

(c) The correlation coefficient. 

(d) The total risk on R Jt . 

(e) The systematic risk. 

(f) The unsystematic risk. 

(g) The standard error of estimate. 

(h) The coefficient of determination. 

5. In 1967, a security of the Dru-White Corporation yielded a return of 4%. For the next 
6 years it returned a steady 2% above the prime rate, which was 5% in 1968, 1969, and 
1970, and 6% in 1971, 1972, and 1973. In the past 3 years, the stock returned 11%, 
12%, and 13%. Our analysts have charted a regression line using the single index 
model. They tell us that their line explains three-fourths of the total variation in 
returns of the Dru-White security. If we want 90% certainty, within what limits of the 
predicted value will the true value lie? 

6. Random Investments Corporation is planning to combine these two projects into a 
portfolio. The various statistics are listed for each security and the market index. 
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Compute the expected return on the portfolio, the beta of the portfolio, and the 
portfolio standard deviation. 


Security A Security B 

a -0.03 0.04 

b" +0.75 +0.95 

X 0.33 0.67 

Q? 0.0075 0.0025 

E(R m ) = 0.095 

a Rm = 0.012 

7. Consider the following four portfolios and market parameters: 


Portfolio 

E(Rp) 



1 

0.12 

0.04 

R F = 0.06 

2 

0.13 

0.06 

= 0-12 

3 

0.16 

0.10 

a m — 005 

4 

0.22 

0.12 



Using the capital asset pricing model, determine which of these portfolios have 
expected rates of return that exceed the required rate of return and thus are 
underpriced, and those which are overpriced. 

8 . Starting with the equation for the security market line: 


, , r / x 1 G ° V > 

E{R J ) = R F + [E{R m )-R F ]—f- 

Derive the equation for the capital market line by recalling that in equilibrium, an 
efficient portfolio is perfectly correlated with the market (i.e., p jm = +1.0). 

9. A firm is evaluating the following three securities. 


j 

my 

Pjm 


1 

0.075 

+ 0.3 

0.04 

2 

0.14 

+ 0.9 

0.09 

3 

0.12 

+ 0.2 

0.14 


The market parameters are: R F = 0.07, E(R m ) = 0.13, and o m - 0.05. 

(a) Compute the beta coefficients for each of these three securities and explain both 
the absolute risk of each security and the relative riskiness or volatility of each of 
the securities compared to the market. 

(b) Using the equation for the security market line, determine whether each of these 
securities falls above or below the security market line (i.e., whether each is 
overpriced or underpriced). 

(c) Briefly discuss why each security is overpriced or underpriced (be precise) and 
various ways that each could become priced appropriately. 



CApiTAl Asset PnticiiNq, 
Project SeIecton, 
Aivid tIhe Cost of CApiiAl 


Chapter 8 describes the marginal cost of capital as a weighted average cost of the 
next dollar of debt and equity for the firm. It reflects the risk posture of the firm 
or the average risk implicit in all previously accepted capital projects. Conse¬ 
quently, the marginal cost of capital would not be likely to represent the risk 
associated with the future capital projects and would have to be adjusted before 
being used in estimating the net present value of a proposed project. Our 
previous discussion notes several methods of risk adjustment. The capital asset 
pricing model (CAPM) constitutes yet another technique of project evaluation. 


CAPM IN PROJECT EVALUATION 

One potential difficulty that may be encountered with the application of 
conventional methods for risk adjustment is increasing, or ratcheting up¬ 
ward, the firm’s cost of capital. This could come about by accepting projects 
having risk postures in excess of the firm’s risk complexion and thereby 
increasing the firm’s risk posture. If this were to happen, the firm’s mar¬ 
ginal cost of capital would increase to reflect the firm’s new 7 risk structure. 
If, however, the conventional methods are correctly applied, the firm will 
also accept projects having a lower risk complexion than the firm overall, 
and the ratcheting effect should not take place. Put another way, the aver¬ 
age cost of capital represents a strategic rate that management strives to 
earn on the totality of the operation; management accepts some projects 
with higher and others with lower risk-return levels, but the average risk- 
return posture approximates that embodied in the marginal cost of capital. 
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The capital asset pricing model can also be used to calculate a market-based 
hurdle rate, risk-adjusted to the project under evaluation. The methodology 
relates a project’s expected returns to an index representing a broad-based 
measure of economic activity. In Table 17-1, a project’s expected return, E(Rj), 
and the expected return on the index, E(R m ), are computed based upon different 
states of the economy and their respective probability of occurrence. 

In Table A of Table 17-1, the returns from the index, R m , and four projects 
(a, b, c, and d) are shown for four possible states of the economy. The 
probability of each state of the economy is denoted by P s . All of the forecasted 
returns ( R m , R a , R b > R c > and R d ) and probabilities in Table A represent 
estimates for single periods for each of the projects and the market index. 
Estimates may be the result of projections from historical data or simulation. The 
data in Table A are the results of economic forecasts. 

Table B is a summary of the calculations needed to obtain the expected 
return, variance, and standard deviation for the market index. Note that the 
estimated returns for the market index, R mi are expressed in decimal form in 
Table B rather than as percentages as in Table A. The results show that the 
expected return on the market index is 20.2%, with a standard deviation of 
11.36%. 

Table C derives the necessary inputs to determine the required return from 
investment «, consistent with its risk characteristics. The results for all four 
projects are shown in Table D. The required return as determined using 
Equation (1) is compared with the project’s expected return. The project’s 
expected return is the weighted average of the estimated returns of each of the 
possible states of the economy. If the expected return equals or exceeds the 
required return, the project is accepted; otherwise, it is rejected. 

( 1 ) 

where Rj = required return from project j 
R F — risk-free rate of return 
E(R m ) — expected return on the market index 

By =beta factor for project j, which is defined in Equation (2) 

Cov(^J 

( } 

where Co v(Rj, R m )~ covariance between the returns on project j and the returns 
on the market index 
a * = variance of the market index 

Based on the inputs of Table D, it is possible to compute the required return 
for each project, Rj, employing Equation (1). In our computation we will 
assume that the risk-free rate of return, R F , is 8%: 




R° 

E(Rj) 

*!?- 

0.08 + (0.202 - 0.08)0.421 

- 13.14% 

15.9% 

R°- 

0.08+ (0.202-0.08)1.596 

= 27.47% 

20% 

R° = 

0.08+ (0.202-0.08)1.513 

= 26.46% 

23% 

R° = 

0.08 + (0.202 - 0.08)0.745 

= 17.09% 

8% 
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TABLE 17-1 Illustration of Project Evaluation Using CAPM 


Table A 


State of the Economy 

Ps 

R m 

K 

P b 

Pc 

„ R d 

Revival (S { ) 

0.20 

20% 

15% 

40% 

15% 

10% 

Prosperity (S 2 ) 

0.50 

30% 

20% 

30% 

40% 

15% 

Recession (S 3 ) 

0.20 

6% 

13% 

00% 

00% 

-6% 

Depression (S 4 ) 

0.10 

1.00 

0% 

3% 

-30% 

00% 

-3% 



, Table D 

E(R a ) - 0.159 Co v(R a , R m ) - +0.005442 B a = 0.421 

E(R b ) = 0.20 Cov(i^,i? m )= +0.020620 B, = 1.596 

E(Rc) = 0.23 Cov(/? c ,i?J= +0.019543 B c = 1.513 

E(R d ) = 0.08 Cov( R d , R m ) = + 0.009620 B^ = 0.745 

'The notation d a and d m is used to represent the deviation of the return for each 
state of the economy from the expected return of project a and the market 
respectively. Mathematically, d a = R a -E(R a ) and d m = R m - E(R m ), as showi^ 
in columns (4) and (5) of Table C. 
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Using the CAPM approach, only project A would be accepted, since its expected 
return exceeds its required return. 

Figure 17-1 shows where each project falls relative to the market price of 
risk line [i.e., the security market line (SML)]. Only project A falls above the 
SML, indicating that it offers a rate of return sufficient to compensate for its risk. 
The other three projects fall below the SML, since their returns are not sufficient 
to cover the market-related risk. 

Several aspects of the capital asset pricing approach illustrated above 
warrant attention. 

L The possible states of the economy over the life span of the projects must 
be forecasted. It should be noted that intermediate and long-term forecasting as 
commonly practiced by business firms have larger variances than do short-term 
projections. 

2 . The probabilities related to different states of the economy can be derived 
from historical data on cyclical behavior and/or by simulation. 

3. Based upon these variables, the forecaster can project returns on the 
broad-based market index. It will suffice that the market index consists of assets 


FIGURE 17-1 Project Selection Using Capital Asset Pricing 
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coijarable or meaningfully related to the projects studied. Alternatively the 
analysis could have employed historical data on the relationship between similar 
projects and the market index to calculate beta. 

, 4 - J he forecasted returns of the index and the projects are correlated to 

returns **** °" e f ch P r °j ec ‘- Managers seek projects such as project A, with 

illustrated in F^re 0 17 t "T"* 1 . by the risk - re tum inarket relation 

i lustrated in Figure 17-1 When such projects are added to the firm’s portfolio 

will h P h if I 11 ™ 011 thC firm ’ S common stock (at its previous existing price) 
will be higher than those required by the market line. 8 P 

t kt. In Practical implementation, the success of the method hinges on the 

periodTare P v to instabilit V when only a few time 

periods are utilized in the calculation, but the variance in beta tends to decrease 

as the number of time periods increases. This raises the issue of whether beta is a 
viable statistic in the evaluation of shorter-term capital projects. 

& Myers and Turnbull suggest the real determinants of beta are more 
complicated than the above illustration would imply. 1 Beta they stress denenrk 
on the link between forecast errors for cash flow and those for the market remm 

ime^ the^mc^ *** Pattem of ex P ected casb A°ws o Ve ; 

me and the procedure by which investors forecast asset cash flows; Given the 
Myers-Turnbull caveats, beta becomes extremely difficult to measure accurately 
Moreover, the calculated beta will generally lead to biased hurdle rates in the 
presence of strong growth opportunities for the firm, 

7. CAPM provides an alternative approach for estimating the firm’s cost- 

sto'ck U equin aP ao t a r ^°h ° f S* B » then the “st-of-common 

slock equity capital can be defined using Equation (3): 

K * = R F+[E{R m )-R F \R p ( 3 ) 

nlarft T* 1 -° determine the cost of equity capital in 

Chapter t* dlVldend ‘ valuatlon model derived in Chapter 3 and discussed in 

svstemaficrisk^Tt! 8 a “ epta " ce or rejection is a function of the investment’s own 
y ematic risk Thus, since the contribution of the project to the firm’s variance 

o equity rate does not affect the accept or reject decision given by the security 

pro£ if^luated onT ** ignored J ’ n ca P ital budgeting decisions. Each 
divestments ° Wn mentS Wlth ° Ut reference to the firm’s existing 


COST OF CAPITAL AND VALUATION OF THE FIRM 

Wither,.’1, a i, Ca ,n' tal budgeting context ’ provides the decision-maker 
with a risk-adjusted hurdle rate peculiar to the project evaluated and an 

*™ at .' ve methodology for computing the cost of capital. It follows that CAPM 
relates immediately to the valuation process discussed earlier in this chapter. 

^ Pricing Modd: Good ««* 
S. Hamada, Disius-iun/' 333-“ “ *“ *** ^ R ' 
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Hence in looking at a project, it is pertinent to assess the value of the project 

carrying capacity of the proposed acquisitions. Martin and Scott make 
valuable contribution to the analysis of these questions. , fi 

Based upon the work of Modigliani and Miller , 2 3 Martin and Scott define 
the value of the firm, as well as any asset to comprise the present value of an 
uncertain income stream (EBIT) plus the present value of a certain stream of tax 
savings generated by debt, as shown in Equation (4): 

EBIT (1 — Q ^ D(K d )(t) ( 4 ) 


V = 


K 


K. 


where t= marginal tax rate on the firm or the project 

/) = market value of debt in firm’s capital structure 

X^=rate at which the market capitalizes a certain stream of tax savings 

generated by debt 4 , 

K =rate at which the market capitalizes the expected after-tax returns of 
an unlevered (debt-free) company with the same EBIT and risk 

V= valued the firm (V r ) or value of the project {V P ), depending on the 
purpose of the analysis 

Equation (4) facilitates the incorporation of added information bearing on the 

aCCC Also, K e is calculated using Equation (3), as modified by substituting B 0 for 

B,m Equation® + [ £(S J _„,]b» (5) 

The value B 0 represents the beta coefficient of an unlevered stream of 
income (EBIT) of the same size and risk level. It is approximated using Equa ion 

(6); B - B - 5 — ( 6 ) 

B ° ~ Bp S 0 - MTS 

w here B =beta of the firm’s common stock assuming its current levered position 
S= market value of the firm’s equity sKares in period t = 1 
S () = market value of the firm’s equity, debt and preferred in period t - 1 
MTS = market value of the tax shelter on the outstanding debt for the 
preceding period as defined in Equation (7), below. 

For example, assume the following information relative to a firm before the 
acceptance of a capital project : 4 

EBIT = $95,000 K d = 0.10 S = $23,800 

D = $ 17,000 t = 0.5 S 0 = $40,800 

£(tf m ) = 0.15 1?^= 0.06 


B, = 2.41 


2 See John D. Martin and David F. Scott, Jr., “ Debt Capacity and the Capital Budgeting Deepen,” 

Financial Management (Summer 1976), pp. ,hn Cnu of Camtat A 

3 Franco Modigliani and Merton Miller, “■Corporate .Income Taxes and the Cost of Capttal. A 

Correction,” The American Economic Review (June 1963), pp. 433 440. „ 

4 The following example is adapted from Martin and Scott, Debt Capacity. 
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Then we may determine the following: 
1 • Market value of tax shelter. 


MIS 


D{K d )(t) 


K. 


where D= current amount of outstanding debt 

K d =pretax average cost of outstanding debt 

$17,000(0.10)(0.5) „ 

MTS -(no —~ “ l8 ’ 500 

2. Beta valite of the unencumbered cashflow. 

S 


Bq = B 


= 2.41 


MTS 

$23,800 


= 2.41 


$23,800 

$32,300 


$40,800 - $8,500 

3. Unlevered cost of equity : 

£,-£„+[£(£„) 

= 0.06+ (0.15 -0.06)1.78 

= 0.22 or 22 % 

4. Value affirm before acceptance of the project ( V F ): 
EBIT(l — t) D{K d ){t) 


1.78 


K 


K, 


K. 


_ $95,000(1 -0.5) 17,000(0.10)(0.5) 

0.22 0.10 
= $215,909.09+ $8,500 
= $224,409.09 

5. Firm's average cost of capital before acceptance of the project : 


K = 


EBIT(l — t) 


V F 


(7) 


( 8 ) 


K = 


= 0.21 or 21 % 


where K= firm’s average cost of capital before acceptance of the project 
t = firm’s marginal tax rate 

value of the firm before acceptance of the project 

Applying Equation ( 8 ), we have the following: 

$95,000(1 -0,5) 

$224,409.09 

Debt capacity is here defined as the risk of insolvency resulting from the use 
of financial leverage; that is, the risk that the unencumbered cash flows will be 
less than or equal to zero. The unencumbered cash flows may be found using 
Equation (9): 6 

C = EBIT + depreciation — 1 1 + - j (9 ) 
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where C= unencumbered cash flow prior to the acceptance of the project 
/ = annual interest expense prior to the acceptance of the project 
SF= sinking-fund payments or principal payments required under existing 
debt agreements 


If C is assumed to be normally distributed with an expected value of E(C) 
and standard deviation o c , the risk of insolvency is defined by the probability 
statement, Equation (10): 

P(C<0) = P[£(C)-Za c <0] (10) 

where Z is the ratio of E(C)/o c corresponding to the number of standard 
deviations that the firm’s expected unencumbered cash flow E(C) lies away from 
zero. In short, we have a probability distribution of unencumbered cash flows. 
Assume for the firm in our illustration that E(C)= $100,000 and o c = $78,125; 
then the Z -value is determined as follows: 


$100,000 

$78,125 


1.28 


Reading from the normal table, Appendix C, 1.28 corresponds to approximately 
a 10% risk of insolvency. 

Shifting the focus to the capital project that the firm is considering, assume 
that the project has an unencumbered cash flow E(P) of $10,000 and a o p of 
$7,800. The coefficient of correlation between the cash flows of the firm and the 
project is 0.80. What does acceptance of the project add to the debt capacity of 
the firm? Using the Markowitz portfolio model described in Chapter 14, 
standard deviation of the firm’s unencumbered cash flows after acceptance of the 
project is determined using Equation (11): 


a FC = [ CT C + + 2(p)(° , c)(°>)] 1/2 00 


where a FC = standard deviation of the firm’s unencumbered cash flows after the 
acceptance of the project 

= variance of the firm’s unencumbered cash flows prior to acceptance 
of the project 

Op = variance of project’s unencumbered cash flows 
p = correlation coefficient between the firm’s unencumbered cash flows 
and those of the new project 


Using the information for the firm and project discussed above and applying 
Equation (11) results in the following: 

0 FC - [(78,125) 2 + (7,800) 2 + 2(0.80)(78,125)(7,800)] 1/2 

= $84,495 

The expected unencumbered cash flows of the firm now total $110,000 
($100,000 originally plus $10,000 on the new project). To find the risk of 
insolvency we again employ the normal distribution. 

$110,000 

$84,495 
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A Z-value of 1.3 corresponds to a probability of 0.0968; that is, acceptance of the 
project has reduced the risk of insolvency from 10 % to 9 . 68 %. 

6. Computation of additional debt capacity : The acceptance of a new project may 
affect the capacity of the firm to utilize additional debt while retaining its 
original risk of insolvency. To determine the debt service that may be added, we 
employ Equation (12): 


~ E{C')-d 

Ofc 


( 12 ) 


where E(C') = expected unencumbered cash flow after acceptance of the project 
d= added debt service that can be carried at the 10 % risk level 

Applying Equation (12) to our example, where Z = 1.28, yields the following: 

$ 110,000 — d 
$84,495 
d= $1,846 

Since K d — 10%, $1,846 of added debt service translates to an $18,460 increment in 
debt capacity ($1,846/0.10). 

7. Value of firm after acceptance of the project (V FC ): To compute the value of the 
firm after acceptance of the project, we use Equation ( 4 ), where the EfelT value 
is the new E(C') value less depreciation on the new project, and the value of D is 
the original debt plus the incremental debt capacity determined in step 6 . For 
our example, the calculations are as follows, assuming a new value for EBIT of 
$105,000 after acceptance of the project. 

EBIT(1 —0 D{K d ){t) 

Fc K T d 

_ $105,0 00(1 - 0.5) $35,460(0.10)(0.5) 

0.22 + 0.10 


= $238,636.36 + 117,730 


= $256,366.36 ( 4 ) 

The increase in the value of the firm is $31,957.27 ($256,366.36 less the value of 
the firm before acceptance, $224,409.09). 

8. Average cost of capital after acceptance of the project-. 


EBIT(l — t) 

K FC y 

k fc 


( 13 ) 


where K FC = firm’s average cost of capital after acceptance of the project 
V FC =value of the firm after acceptance of the project 

Applying Equation (13) results in the following: 

K _ $105,000(1 -0.5) 

FC $256,366.36 

= 0.20 
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We have now come full cycle with CAPM, using it as follows: 

L As an alternative in the computation of the cost of equity. 

2. As a hurdle rate in the selection of capital projects. 

3. In combination with the Modigliani-Miller tax model, as a technique for 
valuing the firm and determining its debt capacity. 

4. To determine the firm’s average cost of capital. 

The Martin-Scott formulation, to recapitulate, defines debt capacity by the 
level-of-insolvency risk. They demonstrate how the risk of insolvency might be 
reduced by the acceptance of one additional capital project. Whenever the risk of 
insolvency is reduced, the firm increases its absolute debt capacity. If the project 
is accepted and the incremental debt capacity implemented, the value of the 
firm is enhanced. 

The Martin-Scott model states that the impact of a project on the firm’s 
expected level of cash flow is additive ; that is, equal to the level of annual before 
tax cash flows expected from the acceptance of the project. However, the crucial 
point is that the impact of the project on the variability of the firm’s cash flow is 
not additive. Variability depends upon the correlation between the expected cash 
flows of the firm and the project—the portfolio effect. The portfolio effect, in 
turn, depends upon the characteristics of the firm and the project. Consequently, 
the same project can affect the valuations of two firms in different ways. 

We should also take note of the practical difficulties in applying the 
Martin-Scott model. One obstacle centers on the calculation of B 0 (the beta 
coefficient of a debt-free stream of income) derived from the estimate of the 
market of the firm’s capital structure less the market value of the tax shelter, as 
in Equations (6) and (7). The problem is one of homogeneity in firm characteris¬ 
tics over the period used in estimating B 0 . A period long enough to attain 
stability in the value of B 0 will likely involve capital budgeting decisions, which 
affect changes in the capital structure and risk posture of the firm. 

On this note, others have added further caveats to the application of the 
Martin-Scott model. Conine, for example, asserts that the integration of the 
Modigliani-Miller tax model and CAPM implicitly assumes the firm issues 
riskless debt and is not compatible with the issuance of risky corporate debt. He 
presents a methodology to correct this inconsistency between theory and practice. 5 
Gahlon and Stover, on the other hand, stress the restrictiveness of illustrating the 
theory by assuming only one project is acceptable. A capital budget generally 
comprises several projects of different size and variability. In this case, the model 
must consider the correlation of cash flows between the firm and the individual 
projects, as well as the sizes and correlation among the project cash flows. The 
objective lies in selecting that combination of projects which maximizes the 
increase in the value of the firm while keeping the probability of insolvency at 
some target level. Otherwise, it is possible that two projects might win acceptance 
when analyzed independently but in combination could actually decrease the 
value of the firm. 6 

5 Thomas E. Conine, Jr., “Debt Capacity and the Capital Budgeting Decision: A Comment,” 
Financial Management (Spring 1980), pp. 20-22. 

6 James M. Gahlon and Roger D. Stover, “Debt Capacity and the Capital Budgeting Decision: A 
Caveat,” Financial Management (Winter 1979), pp. 55-59. 
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SUMMARY 


In this chapter we take the theoretical conceptions of capital asset pricing 
developed in Chapter 16 and apply them to financial management considera¬ 
tions, such as the evaluation of capital projects, the value of the firm before and 
after the acceptance of a capital project(s), the impact of the capital budget on 
the firm s debt capacity, determination of the firm’s cost of equity capital and its 
average cost of capital. Few would disagree this constitutes a substantial array of 
topics—all revolving around the calculation of essentially a single statistic: beta. 
Manifestly, the application of CAPM to financial management has profound 
implications for the practice of corporate finance and the supporting securities 
industry. But capital asset pricing is not without its critics and it is to these 
arguments we must now turn. 


QUESTIONS/PROBLEMS 

- -"—- -- - —■- —— —...., , K . . .. 

/. The Capital Asset Pricing Corporation is evaluating the three projects shown below, 
which have various returns based on the states of nature shown: 


State 


Market 


Project Returns 


of Nature 

Probability 

Returns 

Pi 

P 2 

P 3 

1 

0.1 

-0.10 

-0.30 

-0.15 

0.00 

2 

0.2 

0 

-0.10 

-0.05 

0.04 

3 

0.3 

0.05 

0.15 

0.04 

0.08 

4 

0.2 

0.09 

0.25 

0.10 

0.09 

5 

0.2 

0.12 

0.35 

0.15 

0.10 


(a) Compute the expected returns for each project, as well as the expected return and 
standard deviation for the market, based on the probability distributions above. 

(b) Compute the covariance between each project and the market. 

(c) Compute the beta for each project. 

(d) Compute the required rate of return for each project based on the capital asset 
pricing model, assuming that the risk-free rate is 6%. 

(e) Discuss which of the projects are candidates for acceptance and why. 

2, If the CAP Corporation’s average marginal cost of capital were 12% and it evaluated 
the projects by the internal rate of return method, how would its project selections 
differ? 

3. Safetynet, Inc., management is risk-averse and sets the return required on capital 
projects as 


i- 


Rj = R F +bXo(Rj) 

where Rp is the risk-free interest rate and b is a penalty per unit of risk; management 
defines risk in terms of standard deviation of returns. The following two projects are 
under consideration: ‘ 

Project E(R { ) o(R i ) Cost _ Life 

X 0.12 0.025 2,000 oo 

Y 0.20 0.070 2,000 oo 


.L 
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The risk-free rate is 8%, and b is 2.0 

(a) Evaluate projects X and Y individually, and decide whether to accept or reject. 

(b) Assume the projects are independent (i.e., uncorrelated) and evaluate the portfolio 
combination of X plus Y. Is the portfolio acceptable? Explain. 

(c) Assume the firm already possesses a single capital project, X, and will evaluate Y 
as an additional investment. Is Y acceptable? Explain. 

4, Cavaliere Company has joined the “beta revolution,” and believes capital projects 
ought to be evaluated using measures of systematic risk, as defined by modern 
portfolio theory. The security market line is estimated as: 

R j = R f +b J (R m -R f ) 

= 0.08 + 11,(0.16 — 0.08) 

= 0.08 + 0.08B, 

where R f is the risk-free rate, R m is the return expected on the general market index, 
and B is a measure of the nondiversifiable risk of a project’s cash flows. Two 1-year 
projects, S and T, are described below: 

Project B { E(R C ) °(^i) 

S 04 (U2 0.025 

T 1.6 0.20 0.070 


(a) Evaluate projects S and T individually, and decide whether to accept or reject. 

(b) Evaluate the portfolio combination of S plus T. Is the combination acceptable? 
Explain. 

(c) Assume the firm already possesses a single capital project and will evaluate T as 
an additional investment. Is T acceptable? Explain. 

5. Locklow Aircraft is considering the introduction of a new fuel-efficient airliner. The 
present financial condition of Locklow shows the following: 

EBIT = $190,000 K d = 0.15 S= $23,800 

D = $ 34,000 t = 0.52 S 0 = 40,800 


E{R m ) = 0.30 R r 0A0 B p = 2.00 

E(C) = $500,000 a = $78,125 o p = $7,800 


The project has an unencumbered cash flow of $50,000 with a standard deviation of 
$5,000. The coefficient of correlation between the cash flows of the firm and the project 
is 0.60, and debt is carried at a 10% risk level. 

(a) Before acceptance of the project, determine: 

(i) Market value of the tax shelter; 

(ii) Beta value of the unencumbered cash flow; 

(iii) Unlevered cost of equity; 

(iv) Value of the firm before acceptance of the project; 

(v) Average cost of capital before acceptance of the project. 

(b) After acceptance of the project, determine: 

(i) The firm’s additional debt capacity; 

(ii) Value of the firm after acceptance of the project; 

(iii) Average cost of capital after acceptance of the project. 




ACRhiQUEofiiiE 
CApiTAl Asset ProciNq Model 


The Capital Asset Pricing Model (CAPM) provides a comprehensive theory of 
finance linking the decisions of financial managers to the risk-return expectations 
of investors. Although it amplifies Markowitz’s seminal work on portfolio selec¬ 
tion and traces its roots to the economist’s theory of choice, CAPM takes the 
ultimate step m the progress of finance from a descriptive-institutional discipline 
to the deductive-empirical scientific method. 

All the same, the scientific method is a restless device. Each advance in 
knowledge unearths new insights and opens the door to refinements and/or new 
theoretical constructs. Application ineluctably lags behind the output of re¬ 
search, making the latter prone to the perils of faddism. 1 Happily, in finance, the 
penalties of unfettered inquiry are self-limiting, for theory ultimately must be 
validated by better decision-making in firms and on security markets Such 
caveats condition our critique of the CAPM. 


ASSUMPTIONS OF CAPITAL ASSET PRICING 

It is trite but essential to observe that no theory is any better than the 
assumptions upon which it rests. These should bear some relevance, albeit 
imperfect, to the realities of the phenomenon explained. CAPM rests upon two 
sets of assumptions: 

\wTnter L 1979)! r p™V-?r ile Pr ° miSeS ” C ° rp ° rate Capital Theor >'> Finmctal Mamgmmt, 8, no. 4 
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L Assumptions about investor behavior : 

(a) Investors are risk-averse. They expect to be rewarded for assuming 

(b) Acting rationally, investors choose only efficient portfolios: the largest 
return, E(R p ), for a given level of risk, o p ; or the lowest risk, o p , for a specified 

return, E(R p ). # . , 

(c) As a corollary, investors optimize their portfolio combinations by 

efficient diversification. . ~ 

(d) Investors have the same time horizon regarding the nsk-return payott 
on risk assets. They strive to maximize the single period expected utility of 

terminal wealth. , . . 

(e) All investors share the same estimates of the expected return and risk 

[E(R p ), o p , and Co v(R p , R m )} for all risk assets traded. 

2. Assumptions about the market : 

(a) All investors can borrow or lend in unlimited amounts at the risk-free 


rate (R F )> 

(b) There are no taxes or transaction costs. 

(c) Information is freely available to all investors. 

(d) All assets are perfectly divisible and perfectly liquid (i.e., marketable 
at the going price). 

(e) The cost of insolvency or bankruptcy is zero. 


CAPM, in effect, says that the market is efficient, that it quickly discounts 
all publicly available information. Some proponents go further and affirm that 
the market has discounted all information, public and otherwise, on a security. 
This, in turn, leads to the random-walk hypothesis , stating that changes in stock 
prices cannot be predicted on the basis of past price movements. Hence, 
historical data on market-price changes will not enable the trader to earn 
above-normal, risk-adjusted returns. The best strategy then lies in buying into 
the market portfolio and sitting tight. The strategy assures that the investor 
always does as well as the market, and he or she cannot beat the market m any 

eVCn in this respect, when CAPM is applied to the problem of evaluating capital 
projects, the user must bear in mind that investments in securities versus plant 
and equipment are not completely analogous. Securities are divisible assets; 
fractional shares can be rounded to integer amounts in constructing a portfolio. 
Each share of a given stock has the same expected return and systematic risk. On 
the other hand, capital projects are generally indivisible—accepted or rejected in 
toto The choice is all or nothing. Fractional acceptance is not a viable 
alternative. The efficient frontier for a set of capital projects consequently 
becomes a sequence of corner points, which can be connected only artificially to 
form a continuous frontier (Figure 18-1). . 

The assumption of zero bankruptcy or insolvency cost is manifestly suspect. 
Under real-world conditions, assets of a bankrupt firm are sold at distress prices 
and accompanied by selling cost, legal fees, and other opportunity costs of a 
cumbersome legal system. Reality tells us the assets of the bankrupt will not be 
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FIGURE 18-1 Efficient Frontier: Capital Projects 
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sold al their economic values with any residual value distributed to the share- 

arrlpM ^ thCSe circumstances > “verton are not able to diversify their risks 
as UArM presumes. 

• . th ^ Probability of a firm’s financial collapse depends upon total 

risk (defined by Markowitz), not on systematic risk per se. Accordingly when 
ankruptcy costs are significant and potential, the financial manager may be 
well advised to formulate the capital budget with an eye on total risks and not to 

° C “7‘7 ly ™ s y“ C risk - This implies a degree of risk aversion greater 
than that which would maximize shareholders’ wealth under CAPM 2 In short 
the manager should be confident that the risk of insolvency is sufficiently low 
before evaluating investment alternatives on the basis of systematic risk alone 
Similarly, if investors in fact have different borrowing or lending rates or 
different expectations and time horizons and if transaction costs do exist and 
information is not available without cost, then there will not be a single capital 

rreriduaTrisk" “ p0rtf ° lio - This ’ t00 > im P arts added significance 

Finally, when we affirm that the stock market discounts all available 
information, we must bear in mind the market does not record information in the 

Arrived ° f 4 C ° n T' Uter - Rather ’ it registers the reactions of the participants to the 
received news. These reactions may be rational in terms of the participants’ 
perspectives, but rationality does not equate with infallibility. Judged by hind¬ 
sight, the security markets have not been outstandingly successful as indicators of 
economic activity or of industry and company performance. 

^983), pp. 203-20)™’ Maugmml md ^ (Englewood Cliffs, NJ: Prentice-Hall, Inc. 
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SOME OPERATIONAL PROBLEMS 


Stability of Beta 

Alpha (a ) and beta (B.) describe an average relationship between the 
behavior of the security and market index existing in some prior period and 
assumed to hold for the future. Although the parametric values can be updated 
annually or quarterly, the model fundamentally relies on past performances 
capturing the influences on the market at the time of calculation Is the beta 
computed from historical data a good surrogate for the true beta reflecting 
investors’ estimates of the stock’s future volatility? If so, the financial manager 
has a significant new tool to assist his or her deliberations aimed at maximizing 
shareholders’ wealth or the present value of the enterprise. 

Some recent surveys indicate that the historically computed beta closely 
approximates the true, contemporary beta. Blume, for example, showed that t e 
beta of a firm: 3 

1. Is fairly stable over time. 

2. Can be forecast accurately from historical data. , , 

3. Generally tends over a long time span, 1926-1968, to unity, the beta of 

the market as a whole. 

Logue and Merville found that beta values bear a significant correlation to 
the firm’s financial policies expressed in liquidity ratios, leverage measures, 

dividend payments, and profitability. 4 5 . , 

Not all the evidence is affirmative. In another investigation, Levy examined 
the weekly returns for over 500 stocks on the New York Stock Exchange ove r the 
period December 30, I960, through December 18, 1970 (520 weeks) to establish 
stationary data for betas over 52-week, 26-week, and 13-week forecast periods 
for stock portfolios ranging from 1, 5, 10, 25, and 50 stocks per portfolio. Levy 
concluded: 

1. Average betas are reasonably predictable for large portfolios, less predict¬ 
able for smaller portfolios, and quite unpredictable for individual securities. 

2 . Forecasts are clearly better over longer periods than over shorter periods. 

3. Although predictability improves as the forecast period lengthens, the 

relative improvement tends to be less for larger portfolios. , , 

4. For portfolios of 25 stocks or more over forecast intervals of 26 weeks and 
longer, historical betas seem to be fairly good and stable indicators of future risk. 

Levitz’s study supported Levy’s conclusions. 6 He showed that for individual 
stocks the correlation of historical and actual betas was extremely poor (1 e., . 
for the test period). However, for portfolios—even with as few as 10 stocks—sta- 

3 Marshall E Blume, “On the Assessment of Risk,” Journal of Finance, 26 (March 1971), pp_ 1-10 

4 Dennis E. Logue and Larry J. Merville, “Financial Policy and Market Expectations, Financial 

5 R fl ”^Levy, U< On the ShorMerm Stationarity of Beta Coefficients,” Financial Analysts Journal 

6 a°R L^vit^ C ^W_y of the Us^fiilness of Beta Analysis in the Management of Common Stock Portfolios (New 
York: Brown Brothers, Harriman & Co., 1972). 
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s!Ses ally S ' gniflCant correlations w ere obtained, in some instances up to 0.90. He 


For individual stocks the historical beta coefficient is not an accurate predictor 
of future relative volatility, although it may provide a “best-guess” estimate. 

. 1S d ° Ul ? t ’ to ?’ about the interpretation of alpha. Alpha, the r-intercept 

ffie re f eSS1 ° n l me ’ '" dlcat< f the rate of return produced, on the average, by 
he investment independent of the market. Stocks with high alphas tend to have 
lower betas, and vice versa. Wells notes that one means of obtaining above-aver- 
age performance lies in selecting a stock with a positive alpha. 7 When one stock 
has a higher (lower) return than another stock with the same beta, it has done 
better (worse) against the market than its beta would have predicted and this is 
said to be due to its alpha factor or the residual, nonmarket influences unique to 

breath**' ^ Pha mlrrors influen ces from the industry, such as technological 
breakthroughs management shifts, merger prospects, and so on. However, more 
research is needed to assess the full significance of alpha 


Identifying the Market Portfolio 

Addressing himself to the problems of application in CAPM, Roll shows that 
the operational equations are not testable unless the exact composition of the 
true market portfolio is known and used. Furthermore, if the true market 
portfolio were indeed known, the only hypothesis that could be tested by the 
Security Market Line is the efficiency of the market portfolio. 

St U-gProxi. such as the Standard & Poor’s 500 Index or the New York 
Stock Exchange Index—does not solve the problem. If the proxy index is not 
efficient, the CAPM relationship does not hold. Conversely, if the proxy index is 
efficient, this does not establish that the true market portfolio is ate efficient 
since the composition of the true market portfolio is unknown. 8 

with™ hkely ;u f C ° Ur f’ ! hat m0St feasible P rox y portfolios are highly correlated 
wheth hC , r and true market Portfolio. The correlation may exist 

whether or not the portfolios are mean-variance efficient. The condition would 
seeming y support the viewpoint of some CAPM advocates that the exact 
composition of the true market portfolio and its surrogates is unimportant in 
practice. However, Weston notes: ^ 

Small differences from the true market portfolios, however, can cause substan¬ 
tial biases m the measurement of risk and expected return... . Until the total 
market portfolio containing all assels is known and measured, ambiguities in the 

tests of c the asset pricing models and of security investment performance will 
remain. 


7 pp. V If-64! The BCta ReVOlUtbn: L “" rio S to Live Institutional Investor (September 1971), 

Richard Roll, “Ambiguity When Performance Is Measured by the Securities Market T ire ” 77 , 
Journal of Finance, (September 1978), pp. 1051-1069. Aunties Market Lme, The 

“ DeVe ‘° pmentS in Finance Theory,” Financial Management, 10, no. 2 (Summer, 
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The validation problem is further complicated by allowing for different borrow¬ 
ing and lending rates, different expectations and time horizons the presence of 
transactions cost, and other lapses from the assumptions of CAPM that abortrthe 
possibility of a single-security market line and a single market portfolio. But tests 
for efficiency presuppose identification of the relevant market portfolio, as well 
as its composition. In short, not only have we not identified the composition of 
the true market portfolio, we do not know whether such a portfolio can 
operationally exist at all. 


Market Efficiency 

When security market performance is compared against the criteria of 
efficiency, troublesome anomalies surface. For example, common stocks con¬ 
stitute claims on real assets. Ex ante, we should reasonably expect stocks to 
provide a hedge against inflation. Investigation indicates otherwise. Bodie found 
that in the United States during the period 1953-1972, common stocks failed to 
serve as hedges against either anticipated or unanticipated inflation. 

In an attempt to explain the failure of common stocks to perform as 
inflation hedges, Modigliani and Cohn hypothesized that inflation had a na¬ 
tive effect on value due to its impact on accounting determined profits. The 
market, in turn, committed two basic valuation errors: 

1. It failed to realize that in a period of inflation part of the interest expense 
is not truly an interest expense but rather a repayment of real principal. 

2. It tended to capitalize long-run profits not at a real rate of interest but at 
a rate that varied with the nominal interest rate. Cohn and Lessard demon¬ 
strated this phenomenon was not restricted to U.S. markets. 

Anoffier anomaly appears when portfolios are formed on the basis of firm 
size. Banz, and later Reinganum, demonstrated that small firms systematically 
experienced average rates of return nearly 20% per year greater than those o 
large firms, even after accounting for differences in estimated betas. An - 
quately specified model of equilibrium should eliminate persistent abnormal 

retU In evaluating the market’s performance against the criteria of efficiency, 
several caveats must be borne in mind. First, the statistical tests of efficiency are 
essentially tests of the joint hypothesis of the validity of the regression mode 
(CAPM) and of market efficiency. Whenever the assumptions of the model do not 
accord with reality, the “lapses” of the market may be traceable to the model 
and not to market inefficiency per se. Second, the notion of efficiency has evolved 

10 Z. Bodie, “Common Stocks as a Hedge Against Inflation,” The Journal of Finance, 31, no. 2 (May 

11 R ^Modigliani ^and R. Cohn, “Inflation, Rational Valuation and the Market” Financial Analysts 

1 4khard 3 A.&hn < a^dDoiiw R. iJsard, “The Effect of Inflation on Stock Prices: International 
Evidence,” The Journal of Finance, XXXVI, no. 2 (May 1981), 277 289. „ 

l3 Cited in MarcR. Reinganum, “The Arbitrage Pricing Theory: Some Empirical Results, The 

Journal of Finance, XXXVI, no. 2 (May 1981), 313-321. 
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from stronger a nd more ngid notions of efficiency to weaker specifications since 
the introduction of CAPM. It is vital to define the level of efficiency expected 
from the market before assessing market performance. Third, the market prices 
of securities (common stocks) respond to the risk-return calculations of traders 
How is return measured: by accounting numbers or cash flow? Accounting 
earnings are subject to a variety of options (regarding depreciation, inventory 
valuation, bad debt allowances, and so on), which significantly affect earhings 
alter taxes. Furthermore, accounting returns represent a mixture of present and 
past values because the firm’s balance sheet comprises a heterogeneous con- 
g omeraHon of assets and liabilities acquired or incurred at different price levels 
Cash flow is the better statistic to employ in measuring return, but it is 
complicated to measure given the information available to investors. Nor are 
cash-flow ambiguities diminished by resorting to the device of adding depreci¬ 
ation back to accounting eamings-a shorthand method frequently favored bv 
security analysts and finance researchers. The conclusion is manifest' If the 
measurement of earnings is flawed, then the calculations of the required return 
(Kj) and the beta (B y ) are misleading. Market efficiency cannot be tested by the 
use of flawed data, no matter how sophisticated the mathematical construct. 

Multiperiod Investments 

In common stock investment, CAPM relates the cash flows of the investment 
to the returns on the market portfolio of risky assets: 




( 1 ) 


where R°= required return on the investment 
R f ~ risk-free rate of return 
E{R m ) = expected return on the market portfolio 

Return is defined as the price at the end of the period less the price at the 
eginmng of the period plus dividends received divided by the price at the 
beginning of the period. The returns on the stock and on the market portfolio are 
both single-period returns-monthly, quarterly, or annually-are identical in 
content, and are directly comparable. 

However, the use of CAPM in a capital budgeting context raises questions 
on the comparability of the measured returns. Capital projects are evaluated 
using an (internal rate of return) IRR or NPV (net-present value). Each involves 
the discounting of cash flows over several time periods. Therefore, the return on 
the market portfolio in CAPM (a single-period return) is not comparable to IRR 
(a multiperiod measurement). Also, the content of the two returns differ. The 
return on the market portfolio (R m ) combines dividend inflows and changes in 
the market price of securities for the period involved. Cash flows of a capital 
project do not incorporate changes in the market price of the initial investment 
but may include a final residual value. 14 ’ 


14 Richard S. Bower and Donald R. Ussard, “An Operational Approach to Risk-Screenina ’> The 
Journal of Finance, XXVIII, no. 2 (May 1973), 321-337. S ’ ** 
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In Chapter 17, we partially address the problem of multiperiod returns m 
CAPM for capital budgeting utilizing a basic model proposed by Weston. I his 
allows for the computation of returns on the project and the market portfolio 
period by period. If we go a step further and include the residual values of the 
initial investment at the end of each period, the criterion of comparable returns 

This can be done in either of two ways. First, the firm could take an already 
accepted project similar to the one under consideration and compare its rate ot 
return (R t ) with the return on the market portfolio (R mt ) for the same time 
frame. From this historical data, a beta value can be calculated and applied to 
the new project. The approach assumes that the future will repeat the past—i.e., 
the project and market portfolio cash flow patterns will be substantially un¬ 
changed. There is here an implicit forecast of no change—a robust assumption 
to put forth in a dynamic economy. Second, the firm could face th r e r? f / °^ ec ^ stin ^ 
problem directly and compute an expected return on the project ^ nd 

the market \E(R mt )]. From these projections, the firm can calculate beta (%) in 
order to determine the required return [Rj ] on the capital expenditure proposed. 
The approach requires the application of long-term forecasting techniques to 
project cash flows, to the market portfolio of risk securities, and to the risk-tree 
rate of return. The forecast problem is made explicit, but the task is not eased. 
Suffice to say, the error factor in business forecasting tends to increase with the 
passage of time, and it is particularly difficult to forecast interest rates or t e 
performance of the security markets over an extended time frame. On the other 
hand, the beta obtained is future-oriented rather than being the product ol 
historical relationships. 


□ EXAMPLE 1 


Assume a 

a) 

Period (t) 

10-year project with the following data: 

(2) (3) ( 4 ) 

Expected Residual Expected Cash 

Investment Value, E(S t ) Flow, E(C t ) 

(5) 

Expected Return 
on Market Port¬ 
folio, E(R mt ) 

0 

$200,000 



0.20 

1 

$180,000 

$40,000 

2 


160,000 

30,000 

0.15 

3 


140,000 

35,000 

0.10 

4 


120,000 

45,000 

0.20 

5 


100,000 

50,000 

0.22 

6 


80,000 

45,000 

0.25 

7 


70,000 

40,000 

0.20 

8 


50,000 

35,000 

0.18 

9 


25,000 

30,000 

0.17 

10 


5,000 

25,000 

0.15 

E(R m ) =0.182 


The risk-free rate of return is R F = 12%. Should the project be accepted? 

i5j Fred Weston, “Investment Decisions Using the Capital Asset Pricing Model, Financial Manage¬ 
ment, 2, no. 1, (Spring 1973), 25-33. 
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Solution: 


TABLE 18-1 Multiperiod Analysis of Projected Expected Returns [£(/?;,)] 

( 5 ) ^ 

Expected Returns, 


0) (2) 

(3) 

(4) 


Expected Residual 


Period Investment 

Value at End of 

Expected Cash 

Each Period, E(S t ) 

Flow, E(C,) 




0 

$200,000 

- 3 

\^i — i / 

1 

$180,000 

$40,000 

0.100 

2 

160,000 

30,000 

0.056 

3 

140,000 

35,000 

0.094 

4 

120,000 

45,000 

0.178 

5 

100,000 

50,000 

0.250 

6 

80,000 

45,000 

0.250 

7 

70,000 

40,000 

0.375 

8 

50,000 

35,000 

0.215 

9 

25,000 

30,000 

0.100 

10 

5,000 

25,000 

0.200 




E(Rf) =0.182 


Parti: 

The expected return for the project each period is calculated using Equation (2): 

£(*,,) (2) 

For period 1, this becomes: * 

E l R \ _ (Si80,000 - $200,000) + $40,000 

V jU $260,606 

_ - $20,000 + $40,000 

$200,000 ~~“ 0 - 10 

m^portfolfo,^' 3 " thiS Way in ° rder t0 make * com P ara ble to the return on the 




( p t ~ P t ~\) + A 


t~ 1 


(3) 


where P t = value of portfolio at the end of the period 

=va ^ ue portfolio at the beginning of the period 
D t =dividends for period t 

Part II: 

*. e ^ valuc of the , project in relation to expected return on the market 
portfolio by linear-regression analysis: drKei 

(4) 

Using the least-squares method, the value of beta is calculated to be 1.24. Therefore for 
e project under consideration, the required return—using Equation (1)—becomes ’ 

«“ = « /f + B ) [£'(f? nl )-/? f ,]=o.l 2 + 1.24(0.182-0.12) ( 5 ) 

=0.197, or 19.7% 

The required return on the project, R° can be used in either of two ways: 

1. Comparison with the expected return on the project E(R ). If the nroiect’s remnV-H 
return exceeds the expected returns > E{Rj) ^ a ^jj 
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on the project is not commensurate with the risk accepted. Conversely, if R, < E{Rj\ the 
nroiect merits favorable consideration inasmuch as the return compensates for the risk. In 
our illustration, because R° > E(RJ (0.197 > 0.182), the firm should reject the project. 
2. Use of the required return as the discount rate in computing the NPV for the project. 


0) 

Period (t) 


(2) (3) 

Cash Flow Discount Factor at 19.7% % 


(4) 

Present Value 
(2X3) 


1 

$40,000 

0.8354 

$33,416 

2 

30,000 

0.6979 

20,937 

3 

35,000 

0.5831 

20,408 

4 

45,000 

0.4871 

21,920 

5 

50,000 

0.4069 

20,345 

6 

45,000 

0.3399 

15,296 

7 

40,000 

0.2840 

11,360 

8 

35,000 

0.2373 

8,305 

9 

30,000 

0.1983 

5,949 

10 

25,000 

0.1656 

4,140 



Total present value 

$162,076 



Investment (t 0 ) 

200,000 



Net present value 

($37,924) 

1 1 . ^ 1_ 1 _ 


intervals. 


The project has a negative net present value and would normally be rejected. 


□ 


SUMMARY 

It is the nature of hypothesis testing in finance that the jury is always out. 
More research has to be done on CAPM, as well as on arbitrage pricing theory 
(APT) and other multivariable models. CAPM, an inheritance from economic 
theory, must concentrate on the composition of the market portfolio. Until the 
question of the composition of the market portfolio is resolved, it will not be 
possible to test the efficiency of the market or of investor portfolios. There is also 
the problem of circular reasoning, in that the CAPM assumes the market is 
efficient and then proceeds to employ the CAPM construct in testing the 
efficiency of the market. We cannot have it both ways. 

The time element presents another complicating factor in the real-world 
application of CAPM. CAPM, conceived by Sharpe, is a single-period, single¬ 
factor equilibrium model in the tradition of static economic analysis. Inter¬ 
temporal analysis (dynamic analysis), as we have seen, is handled more by 
expediency than by conformity with the full array of restrictive assumptions 
underlying CAPM. Perhaps the way out of this particular conundrum is to look 
at the disequilibria models prevalent in modern economic theory. 

On the other hand, APT has a long road to run before it will enter the 
discussions of corporate management. If multifactor models are per se more 
desirable, the APT adherents have yet to specify the multifactors. 

This returns us to our starting point that CAPM remains the only compre¬ 
hensive theory of finance that does enjoy some real-world application. Such 
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limited acceptance is perhaps traceable to the capability of the model to describe 
tendencies albeit imperfectly—that apparently hold up even when the as¬ 
sumptions are not fully met. As in scientific investigation, it is sometimes possible 
to predict results without fully knowing all the causes. 


QUESTIONS/PROBLEMS 

-«-•.-. . 


1. What does the assumption of rationality mean? 

Z Is information freely available to all investors? Does it really matter that all investors 
have equal access to security information for the market to be efficient? 

3. Why are capital projects generally indivisible? 

4. Summarize the problem of intertemporal cash flows when CAPM is applied to capital 
budgeting. How does the CAPM model in Chapter 17 (Equations 1 and 2) differ from 
the model in this chapter? 

5. The Avant Garde Corporation is evaluating three projects: 


Cash Flows 


Period (t) 

p, 

p 2 

p 3 

0 

-$1,000 

-$1,000 

-$1,000 

1 

600 

250 

100 

2 

300 

200 

140 

3 

150 

140 

180 

4 

250 

150 

100 

5 

350 

200 

100 

The residual values for each project by 

period are: 




Residual Values 


Period (t) 

p, 

p 2 

p 3 

0 

-$1,000 

-$1,000 

-$1,000 

1 

500 

700 

900 

2 

300 

300 

800 

3 

100 

300 

850 

4 

100 

300 

1,000 

5 

100 

300 

1,200 


^ om P ute t ^ le ex P ec ted cash flow and the expected return for each project, 

(b) Compute the beta for each project. The market returns, E(R ml \ are: 


Period E(R mj ) 

0.20 
0.13 
0.18 
0.25 
0.20 

(c) Compute the required return Rj on each project assuming a risk-free rate (R F ) of 

(d) Which projects would be accepted and why? 


1 

2 

3 

4 

5 



IlNTRoducriON TO 
MAT^EMATiCAl PROCjRAIVlIVlilNCj 


Throughout the text we have examined various types of financial decisions, all of 
which have the following characteristics: 

1. Scarce resources had to be allocated among competing decision alterna- 

2. The decision-maker was striving to achieve an overriding goal or objec- 

3. Various restrictions and requirements were imposed on the decision 
maker. 

The decision-making process becomes more complex as the number of 
alternatives increases, as these alternatives become interdependent, and as the 
number of constraints on the decision-maker increases. Given the decision-mak¬ 
ing setting described above, a natural and powerful set of tools referred to as 
mathematical programming models can be utilized to facilitate the evaluation of 
decision alternatives. This chapter surveys the area of mathematical program¬ 
ming as an introduction to the following three chapters, where these models are 
applied to the capital budgeting problem setting, first under conditions of 
certainty and then under conditions of risk. 


MATHEMATICAL PROGRAMMING MODELS 

Mathematical programming (MP) models are a set of techniques in the 
broader fields of operations research or management science. These fields utilize 
quantitative models to describe various business, industrial, or governmental 
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problem settings to gather information, obtain greater insight, or evaluate 
various decision alternatives. In our definition of mathematical programming 
we used the term “quantitative models,” which deserves further elaboration! 
Quantitative models are descriptive representations of a real problem setting 
using mathematical equations. Such models are constructed to obtain informa¬ 
tion and insight about a problem setting more quickly and in a less costly and 
less disruptive way than by experimenting directly on the actual system. These 
models are, therefore, “abstractions” of the real system; that is, they try to 
capture only the most critical elements and relationships that exist in the real 
system; otherwise, it would be as difficult, time-consuming, and costly to analyze 
the model as the real system. Because quantitative models can be rather 
involved, a “solution algorithm” must generally be used to solve the model. A 
solution algorithm is merely a step-by-step process that guarantees reaching the 
correct solution to the model formulation. 

The complexity of real systems, as well as hidden interrelationships among 
system components, makes it advantageous for the analyst to perform “sensitiv¬ 
ity analysis on the solution obtained. Sensitivity analysis is a process whereby 
the analyst determines how significantly the solution to the problem will change 
if various assumptions about the system are modified in the model. This process 
points to the characteristics of the system that are most critical and that require 
most attention in the management control area. Sensitivity analysis generally 
leads to changes in the model representation that may require re-solving the 
model to obtain information on the new solution. The results of the sensitivity 
analysis become inputs to the decision-making process wherein additional 
quantitative and qualitative factors (not reflected in the original model) which 
differentiate the various alternatives are taken into account before the “best” 
alternative is selected for implementation into the real system. Periodically after 
this implementation, feedback is obtained to determine how well the system is 
functioning, so that timely corrective action can be taken, if necessary. This 
model-building and decision-making process is summarized in Figure 19-1. 

To begin our discussion of MP models, we must define a number of terms. 
There are two major categories of equations that are used in MP models: 

L The objective function describes the goal or objective the decision-maker 
desires to achieve. 

Pe Constraint equations describe any limitations on resources, restrictions 
imposed by the environment within which the system functions, or managerial 
policies that the firm desires to observe. 

The basic approach of MP models is to optimize the objective function while 
simuhaneousiy satisfying all the constraint equations that limit the activities of 
the decision maker. In formulating both the objective function and the constraint 
equations used in MP models, two types of variables are used: 

L Input parameters are values specified by the decision-maker to describe 
characteristics of the system. 

Z Decision variables will be determined by the model as a part of achieving 
the optimal solution. 




288 Part VI: Mathematical Programming and Multiperiod Analysis 

FIGURE 19-1 Model-Building and Decision-Making Process 



As a brief illustration of these definitions, consider a firm manufacturing and 
selling two products (X and Y) and desiring to determine that product mix that 
will maximize total dollar profit. The firm estimates that the unit profit figures 
are $6 and $18, respectively. The objective function to maximize profit for this 
firm would therefore be expressed as follows: 

maximize profit = $6X + $18F 

In this objective function the two values $6 and $18 are the input parameters since 
management had to specify these values pertaining to their two products. The 
variables X and Y, which designate the number of units of product X and the 
number of units of product Y that should be produced, are decision variables since 
the model will determine their values to maximize profits. 


CATEGORIES OF MATHEMATICAL PROGRAMMING MODELS 


Within the general class of models referred to as mathematical programming , 
there are several specific models that can be applied to problem settings, 
depending on the assumptions made about the problem being analyzed and the 
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TABLE 19-1 Categories of Mathematical Programming Models 


nonunions oj certainty 


1. Linear programming (LP) 


Wfiwu/n/fw Uj iUO/v 


1. Stochastic LP (SLP) 

LP under uncertainty (LPUU) 
Chance-constrained programming (CCP) 
2- IP under uncertainty (IPUU) 

3. Stochastic GP (SGP) 

4. NLP under uncertainty (NLPUU) 

QP under uncertainty (QPUU) 

5. DP under uncertainty (DPUU) 

"2“ OU J definit ‘ ons of risk and uncertainty in Chapter 12, the models listed technically assume 
conditions of risk, while in the literature they are frequently referred to in terms of uncertainty. 


2. Integer programming (IP) 

3. Goal programming (GP) 

4. Nonlinear programming (NLP) 
Quadratic programming (QP) 

5. Dynamic programming (DP) 


interrelationships among system components. Several categories of mathematical 
programming models are shown in Table 19-1. Each utilizes different types of 
equatiom m the objective function or constraint equations and/or permits 
different assumptions about the input parameters: either these values are as¬ 
sumed to be known with certainty or they are assumed to be known only by 
means of a probability distribution (i.e., conditions of risk exist). Herein lie the 
major strengths of mathematical programming models: they are optimization models (i.e. 
they find the best possible solution for a given problem representation ), and they can accurately 
describe virtually any real-world system assuming that either conditions of certainty or risk 
exist. He nee, MP models provide a powerful tool for the decision-maker. 

The use of the basic linear programming (LP) model, which we will discuss in 
more detail in the following section, requires three assumptions: 


/. The input parameters are known with certainty. 

2 . Both the objective function and the constraint equations can be accu¬ 
rately described using linear equations. 

3 . The decision variables are continuous (i.e., they can take on any value). 

Linear programming is the most widely known and used MP model because 
it represents problems with reasonable accuracy utilizing linear equations that 
may be solved easily with computerized solution algorithms. 

If the assumption of certainty is relaxed, the decision-maker may select 
among three alternative models available for handling conditions of risk in a 
linear programming setting: 


L Stochastic LP is a two-stage decision process wherein stage 1 decisions are 
fixed and random events are generated; then the stage 2 decisions are de- 
termmed m order to optimize the objective function given the stage 1 decisions 
and the random events. 

2- LP under uncertainty is also a two-stage decision process wherein stage 1 
decisions are fixed and random events are generated; then stage 2 decisions are 
determined to minimize the penalty assessed for violation of any of the con¬ 
straints caused by the random events that were encountered. 
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3. Chance-constrained programming attempts to maximize the expected return 
or minimize the variance of returns, where, owing to the stochastic nature of the 
input parameters, the constraint equations are required to hold only with some 
probability less than 1. 

Integer programming (IP) relaxes the third assumption required by the LP 
model, namely, that the decision variables must be continuous. IP allows the 
decision variables to take on integer values. This seemingly small change in the 
LP model greatly increases solution time as compared to the corresponding LP 
problem but permits the solution of large classes of problems wherein the 
decision variables must take on integer values. IP under uncertainty is analogous 

to LP under uncertainty. . . r T n u • 

Goal programming (GP) is a powerful and interesting extension of LP, wherein 

a hierarchy of multiple objectives is incorporated into the model; thus, the 
objective function becomes multidimensional. GP provides an effective opera¬ 
tional methodology to maximize expected utility as discussed in Chapter 12. 
Stochastic GP is analogous to stochastic LP and is treated in a similar manner. 

Nonlinear programming (NLP) is an MP model wherein either or both the 
objective function and the constraint equations must be described using nonlin¬ 
ear equations. NLP is frequently used to solve problems involving curvilinear 
cost functions. 

Quadratic programming is a special type of nonlinear programming model 
wherein the only nonlinearity is in the objective function. QP models are 
significantly easier to solve than NLP models because there is no general way to 
solve the latter type of problem. Again, the “risk” setting merely necessitates 
incorporating the probability distributions of the input parameters, which may 

also be incorporated into the QP model. 

Dynamic programming (DP) is a useful method of optimizing a system over 
time In addition, DP may be used to divide large decision problems into a 
sequence of smaller, interrelated decision problems wherein recursive equations 
are used to describe the flow of decisions and the state of the system. Recursive 
equations relate adjacently indexed variables of a set so that if we know the 
value of one variable, we can determine the value of the next one; and so on. DP 
under uncertainty assumes that new information is acquired as the decision-maker 
moves through time and that this information is used to update system parame- 
ters and to aid in the sequential decision process. 

This brief introduction to the various MP models is designed to give an 
overview rather than specific details of each model. Several of the models will be 
examined in more depth in this and the following chapters. Extensive research 
has been undertaken in the area of mathematical programming applied to 
various problem areas in finance, as evidenced by the entries cited m the selected 
bibliography. The interested reader is encouraged to seek out such references. 


LINEAR PROGRAMMING 

Because of the widespread use and importance of linear programming (LP), 
it is examined in greater detail in this section. In our initial discussion of LP, 
three major assumptions underlying its use were cited. These assumptions imply 



Chapter 79 : Introduction to Mathematical Programming 


291 


various other aspects of LP models, which are delineated in Table 19-2 In our 
discuss 10 " of other MP models, we noted that several of the assumptions required 
, can be relaxed in order to establish models that more closely describe the 
real-world decision settings faced by the analyst. For example, the LP assump¬ 
tion of certainty can be relaxed by utilizing SLP, LPUU, or COP: the limitation 
of a single objective function can be overcome by using GP: and the need for 
continuous rather than discrete variables may be relaxed by using IP Of course 
each of these enrichments to the basic LP model necessitates greater input 

T qU !', e ™ entS ’ 88 "' el * as m ° re computer time and memory to solve the model It 
should be stressed that the LP model, although it has shortcomings, is a 
reasonable starting point for many practical decision problems. Thus, the 
methodology of LP problem-solving deserves study. 

The basic approach to LP problem-solving proceeds through the following 

Stage 1: Formulate the problem in the LP framework. This requires 
specification of input parameters and decision variables, the objective function 

Hnear intlture C ° nStramt eqUations ' The Iatter hv ° sets of equations must all be 

mpf , S * age 2: Solve the Problem using either a graphical approach, the simplex 
method, or a computer-based solution algorithm. 

Stage 3: Interpret the optimal solution which is expressed in terms of an 
alternative decision point within the feasible solution domain. 


TABLE 19-2 Assumptions of Linear Programming Models 

The major assumptions of linear programming models are as follows: 

tinn« i , Th f- objeCt T ° f the sys,em under analysis and all its relevant resource limita- 

is the oh C , f’ andrequu y 1, ; nts can be accurately described using linear equations. That 
is, the objective function and all constraint equations must be linear 

2, Conditions of certainty exist. All the model’s parameters’ (i.e, the obiective 
unction coefficients, the technical coefficients in the constraints, and the right-hand-side 
values in the constraints) are known precisely and are not subject to variation 
A All decision variables are restricted to nonnegalive values. 

4. Only a single objective is optimized. 

is LnolT he t h de ? 0t lv ariableS are considered to be continuous rather than discrete. This 
is known as the divisibility assumption. 

availabie^hnrth 3 '' 31 ^ 16 — ^enous- Example: if 10 hours of direct labor are 
available, each of these hours is just as productive as any other and can be used equally 
well on any activity that requires direct labor. 4 ^ 

7. Proportionality exists. This means that if it is desired to increase the activity level of 
any decision variable, proportionately greater amounts of each resource are required The 
linearity assumption implies proportionality. 4 

utilwJL^ 1 ! parame,ers ( of l . he are unaffected by changes in methods used, level of 

llza ‘‘°n, economics of scale, and so on. Again, the linearity assumption implies this 

e f?™ 18 addUm m nature: the whole is equal to *be sum of the parts The 

tomlTe! neSS ^r S T m Tr * he SUm ° f CaCh SyStem com P onen t’s effectiveness. The 
total ^sources utilized equal the sum of the resources used on each activity variable 

10. Independence exists throughout the system. This means there is no interaction 
among decision variables, resources available, or different operations performed 
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Stage 4: Perform a detailed sensitivity analysis on the optimal solution to 
determine ranges for each of the input parameters wherein the optimal solution 

remains valid. t 

In order to illustrate stages 1 and 2, consider the graphical LP solution 

demonstrated in Example 1. 

□ EXAMPLE 1 Graphical Solution to LP Problem 

A firm manufactures and sells two grades of leather wallets, standard and deluxe. 
Two resources are constrained for the coming week: production time (80 hours are 
available) and process and shipping time (1,000 wallets can be shipped during the coming 
week regardless of which of the two types of wallets make up the order). The firm has 
sufficient raw materials, working capital, and so on, to support any desired product mix. 
Further, the firm can sell any number of units of either type of wallet at the going market 
price. However, the firm wants to produce a minimum of 400 units of its deluxe wallet m 
order to satisfy the demands of its prime customers for this type of wallet. Management 
has been provided with the following financial and production data: 


Production Sale 

Model _ Time (hr.) _ Price 

Standard 0.05 S 7.00 

Deluxe 0.1 $10.00 


Production time is estimated to cost the firm $40 per hour. Shipping and processing costs 
are estimated to be $3 per unit. Management desires to select the product mix that will 
maximize the total dollar contribution needed to cover fixed costs and generate profits. 
Formulate this problem using the LP model and solve it graphically. 

Solution: To formulate this problem using the LP model, the following decision 
variables must be defined: 

— number of units of the standard wallet to be produced 
X 2 = number of units of the deluxe wallet to be produced 

To specify the objective function, variable cost per unit must be determined for each 
product so that this amount can be subtracted from selling price per unit to determine the 
contribution margin per unit: 


Sale price per unit 
Variable production cost per unit 
Variable shipping cost per unit 
Contribution margin per unit 


Standard 

Deluxe 

$7.00 

$10.00 

- 2.00 

- 4.00 

- 3.00 

- 3.00 

$2.00 

$ 3.00 


The LP formulation is as follows: 

maximize total dollar contribution — $2*^ + $3*2 


subject to 

production capacity: 
shipping capacity: 
minimum requirements: 
nonnegativity condition: 


0.05 X x + 0 . 10*2 < 80 hours 
1*! + 1* 2 < 1000 units 
* 2 > 400 units 
* 15 * 2 >0 
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The graphical solution is shown in Figure 19-2 and the method of arriving at the optimal 
solution is described below. 

As shown in Figure 19-2, the area labeled feasible region consists of all possible X x - 
and X 2 -values that simultaneously satisfy all the constraint equations. Not all these 
possible combinations must be evaluated to determine the optimal solution because we 
have a helpful theorem in LP which states that the optimal solution can only occur at an 
extreme point to the feasible region (i.e., at the intersection of two or more constraints or a 
constraint and either axis) or possibly along a boundary between two extreme points. 
There are two methods of determining the optimal solution in the graphical approach: 

1, The objective function could be graphed at successively higher values moving 
farther away from the origin; the optimal solution is reached when the objective function 
line is as far away from the origin but still touching the feasible region—the point or 
boundary where the objective function is tangent is the optimal solution. 

FIGURE 19-2 
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2. The coordinates for each extreme point are determined either graphically or 
algebraically and these values are substituted into the objective function, with the results 
being tabulated as shown in the insert to Figure 19-2; the extreme point with the largest 
value of the objective function is the optimal solution. 

As shown in Figure 19-2, the objective function is maximized at point B (400 
standard and 600 deluxe wallets), where it equals $2,600. Since the objective function 
decreases as we move toward either point A or C, the optimal solution is only at point B 
rather than along either boundary. If the value of the objective function at either point A 
or C had also been $2,600, then any combination of X x and X 2 along the relevant 
boundary AB or BC would represent an optimal solution to the problem. □ 

Whenever there are more than two decision variables, or if there are 
numerous constraint equations, the graphical LP method is of limited value. 
Hence, it becomes necessary to resort to an algebraic technique to arrive at the 
optimal solution. One of the most widely used techniques of solving LP problems 
is the simplex method , developed by George B. Dantzig 1 in the 1940s. 

Several new definitions are necessary in order to understand the simplex 
method. First, the approach requires that all the constraint equations be con¬ 
verted to strict equalities if they are less-than-or-equal-to (<) or greater-than- 
or-equal-to (>) constraints in the original formulation of the problem. This 
requires that a unique slack variable be added to each “less than or equal to 
constraint” to convert it into a strict equality. Similarly, a unique surplus variable 
must be subtracted from each “greater than or equal to constraint” to convert it 
into a strict equality. 

As mentioned, packaged computer algorithms can be used to perform all the 
LP problem calculations. An LP package available to users of IBM computers is 
referred to as the MPSX software package. Similar LP packages are available to 
users of other computers. Such packaged programs facilitate a capitalization on 
the speed and accuracy of the computer to handle the tedious calculations 
required by the simplex method. The reader can obtain documentation detailing 
the use and interpretation of any such software package. 


INTERPRETATION OF THE OPTIMAL LP SOLUTION 

At this juncture, we assume readers are able to formulate and solve LP 
problems (the first two stages in the problem solution listed above are complete). 
The last two stages will be illustrated using computer printouts from the MPSX 
packaged LP program. Stage 3 entails a complete interpretation of the optimal 
solution, including the shadow prices . Shadow prices show how much the decision-maker 
would be willing to pay to acquire 1 unit of each resource that is constrained in the problem. 
Stage 4 is the sensitivity analysis of the optimal solution, which determines by 
how much each input parameter could change and leave the optimal solution 
unchanged in any significant way. 

Interpretation of the optimal solution and the discussion of shadow prices is 
demonstrated in Example 2. 

1 George B. Dantzig, Linear Programming and Extensions (Princeton, N.J.: Princeton University Press, 
1963 ). 
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□ EXAMPLE 2 Interpretation of the Optimal Solution: Shadow Prices 

Using the information provided in Example 1 and the optimal solution given below, 
completely interpret the optimal solution. 

Solution: We are given the following optimal solution: 


Basic 


Variables 


X, 

S, 

.Si 

R, 

rhs 


1 

0 

-20 

2 

0 

400 

X 2 

0 

1 

20 

-1 

0 

600 

*» 

0 

0 

20 

-1 

1 

200 

Objective 

function 

0 

0 

20 

1 

0 

$2,600 


As can be seen, the basic variables are X l5 X 2 , and R x . These variables have a value 
of 1 in one of the rows and zeros everywhere else in the column for that variable. These 
variables are basic in the row where the 1 appears, which means that they take on the 
value shown on the right-hand side (RHS) in the table. Thus, X x = 400, X, = 600, and 
R] = 200. The value of the objective function is shown in the objective function row on 
the right-hand side ($2,600). 

The two variables whose columns do not have a 1 in one row and zeros everywhere 
else in the column (i.e., S x and S 2 ) are nonbasic variables and hence take on values of zero 
in the optimal solution. 

It is easy to demonstrate that these values satisfy the original constraints by 
substituting the values into the constraint equations. 


production 

r o.o5x x 

+ 

0.10X 2 

+ 

Si 

— 80 

capacity 

\ 0.05(400) 

+ 

0.10(600) 4- 

0 

= 80 

l 20 

+ 

60 

+ 

0 

= 80 

shipping 

/ IXi 

+ 

1X 2 

+ 

s 2 

= 1,000 

capacity 

1400 

+ 

600 

+ 

0 

= 1,000 

minimum 

\X 2 -R x 





= 400 

requirement for X 2 

\ 600 - 200 





= 400 


The values shown in the objective function row under the slack and surplus variables 
have special significance. They are the shadow prices and for slack variables, show the amount 
by which the value of the objective function would increase (in a maximization problem) if the 
original right-hand-side value associated with the slack variable were increased by 1 unit. For surplus 
variables , the shadow prices show the amount by which the objective function would increase if the 
original right-hand side associated with the surplus variable were decreased by 1 unit. Thus, the 
shadow prices show the maximum amount that the decision-maker would be willing to 
pay to acquire 1 additional unit of a resource (for slack variables) or to have a 
requirement relaxed by 1 unit (for surplus variables). In this example, the shadow price 
for S x — $20.00, for S 2 — $1.00, while it is $0 for R x . This means that the firm would be 
willing to pay up to a maximum of $20.00 (in addition to the current variable production 
cost of $40.00 per hour) to acquire 1 hour of added production time and $1.00 (in 
addition to the variable shipping cost of $3 per unit) to acquire 1 unit of added shipping 
capacity. To verify that these shadow prices are correct, consider a customer’s order for 10 
additional deluxe wallets. If the shadow prices are paid in addition to the current 
variables costs, the marginal revenue will just equal the marginal cost and the marginal 
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profit will be zero. If the variable inputs can be obtained at a cost less than the shadow 
prices, profit will increase. 


incremental cost of filling new order if maximum 
shadow prices are paid to acquire 
additional resources 
production capacity: 

10 units X 0.10 hr./unit X $20/hr. =$20 

shipping capacity: 

10 units X $1 /unit — $10 

$30 

It should be stressed that shadow prices are incremental in nature—that is, they 
indicate the maximum additional amount that the firm would be willing to pay over and 
above the current prices paid for needed resources. To demonstrate this for this example, 
refer back to Example 1 to get the selling price per unit of the deluxe wallet and the 
variable cost per hour of production capacity as well as the variable cost per unit of 
shipping capacity. These values are respectively $10 per unit, $40 per hour, and $3 per 
unit. It is now shown that marginal revenue equals marginal cost for the new order of 10 
wallets: 

marginal revenue = marginal cost of filling new order if maximum 
shadow prices are paid (in addition to current 
cost) to acquire additional resources 
production capacity : 

10 units X 0.10 hr./unit X $60/hr. =$ 60.00 

10 units at $10 shipping capacity: 

10 units X $4/unit = $ 40.00 

$ 100.00 = $ 100.00 

Notice that the variable costs of $60 per hour and $4 per unit for production capacity and 
shipping capacity, respectively, are the sum of current costs (i.e., $40 per hour and $3 per 
unit, respectively) and the incremental shadow prices (i.e., $20 per hour and $1 per unit, 
respectively). 

The shadow price for R l is zero because R x is a basic variable in the optimal solution 
which means that this constraint was not binding. That is, we exceeded the 400-unit 
minimum requirement for deluxe wallets by 200 units, so we would not be willing to pay 
anything to get this minimum requirement reduced. A similar interpretation would be 
given to a slack variable that was basic in the optimal solution. That is, since the 
constraint was not binding, not all of the amount of the resource originally available was 
utilized in the optimal solution. Thus, the firm would not be willing to pay anything to 
obtain additional units of the resource, because these units would just add to the already 
existing excess in the optimal solution. □ 


incremental contribution 
margin from the new 
order 

10 units at $3 = $30 
$30 


The shadow prices discussed in Example 2 remain valid only within the 
specific range of additional units that the firm could acquire. In addition, 
questions often arise concerning the impact of changes in original values of input 
parameters on the optimal solution. Both of these areas may be addressed using 
the important tool referred to as sensitivity analysis. 
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SENSITIVITY ANALYSIS 


Prudent financial management requires a determination of how sensitive the 
preferred alternative is to forecasting errors for the model’s data inputs. The LP 
model is no exception. As mentioned earlier, sensitivity analysis in LP modeling 
ascertains how much of a change would be required in the input parameters in 
order for there to be a significant change in the optimal solution found by the 
model. 

Sensitivity analysis can be performed either on the original right-hand-side 
values for each of the constraint equations or on the objective function coeffi¬ 
cients for each decision variable. In sensitivity analysis , on the right-hand side , A + and 
A are the amounts by which the original right-hand-side value could increase or decrease , 
respectively , without changing the basic variables in the optimal solution . In sensitivity 
analysis , on the objective function coefficients , A + and A" are the amounts by which the 
objective function coefficient could increase or decrease , respectively , without changing the 
optimal solution. Notice the difference in the statements made concerning the two 
types of sensitivity analysis. With respect to the right-hand-side values, we talked 
about leaving the same basic variables in the optimal solution but that the 
optimal values for each basic variable would change with any change of a 
right-hand-side value of a binding constraint. For objective function coefficients, 
we talked about the range within which the optimal solution (both the basic 
variables and their specific values) would remain unchanged. For all these input 
parameters, a range can be determined as specified in Equations (1) and (2): 


upper limit == original value plus A + 
lower limit ~ original value less A - 

We first undertake a sensitivity analysis of the right-hand-side values, 
For slack variables that are basic variables in the optimal solution : 

A^-oo 

and 


(1) 

( 2 ) 

( 3 ) 


A^ = amount of this resource still available in the optimal solution (4) 

These two values are consistent with the discussion presented above. If there is 
some quantity of a resource still available in the optimal solution (i.e., the 
definition of slack variable being basic in the optimal solution), then if we had 
more of it originally, we would merely have more of it left over in the optimal 
solution. This would be true for any increase in the original amount available; 
hence, the value of A + is infinite. On the other hand, we could only decrease the 
original amount available by the amount left over in the optimal solution, since 
to decrease it by an amount greater than this would lead to a different optimal 
solution. 

For surplus variables that are basic variables in the optimal solution : 

A J = value of this basic variable in the optimal solution 


A^= oo 


( 5 ) 

( 6 ) 
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These values should be clear based on the discussion presented above relating to 
the complements of surplus variables (i.e., slack variables). 

The same values for nonbasic variables in the optimal solution require 
computations based on the tableau from the optimal solution. Thus , for slack or 
surplus variables that are nonbasic in the optimal solution : 


or At = min 


a {j < 0 


0 ) 


or A s = min 


a i, > ° 


( 8 ) 


where A,=right-hand-side value in row i of the optimal solution 

a- = coefficient in column j (i.e., the column of slack or surplus variable^) 
and row i 

S •- slack variable in column j which is associated with the original 
resource that we are interested in changing. 

R -surplus variable in column j which is associated with the original 
resource that we are interested in changing 

To perform sensitivity analysis on, for example, slack variable S lt which is 
nonbasic in the optimal solution, we look up and down in column S j for values 
that are negative. For each that is found, divide its corresponding right-hand-side 
value by the a tj value and take the absolute value. Among the resulting values, 
select the smallest: This value is A + . Repeat the process looking for positive 
values in the column S x in order to compute A . 

Finally, we look at sensitivity analysis on the objective function coefficients 
for a maximization problem. Of course, we perform this analysis on decision 
variables in the problem which again can either be basic or nonbasic in the 
optimal solution. 

For decision variables that are nonbasic in the optimal solution : 


= value of the shadow price for this decision variable 
in the optimal solution 


A* t =oo 


( 9 ) 

( 10 ) 


If a decision variable is nonbasic in the optimal solution, the values found using 
Equations (9) and (10) should indicate that the decision variable was not 
attractive enough to enter the solution. Hence, it will remain unattractive if its 
objective function coefficient is decreased by any amount (i.e., A - = oo). Further¬ 
more, as pointed out above, the shadow price in the optimal solution shows the 
amount by which the objective function would decrease if a nonbasic variable 
were forced into solution; thus, the objective function coefficient would have to 
increase by more than its shadow price in order to make the nonbasic variable in 
question attractive (i.e., A + = shadow price in the optimal solution). 
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For decision variables that are basic in the optimal solution: 


A x k = min 




% < o 


(ii) 


min 


a tJ > 0 


( 12 ) 


where C-— value in the objective row of the optimal tableau in column j 

a ij —coefficient in row i (i.e., the row in the optimal tableau where X k is 
basic) and column j 

X k = decision variable k of interest which is basic in row i of the optimal 
tableau 


To perform sensitivity analysis on, for example, decision variable X 2 , which is 
basic in row 4 of the optimal tableau, we would look across row 4 for negative a • 
values. For each one that is found, divide the Cj value (i.e., the value in the 
objective function row of the tableau) for that column by the a • value and take 
the absolute value. Among the resulting values, select the smallest: this is A J. 
The process would then be repeated looking for positive a -• values in row 4 in 
order to compute A^ . 3 

All the computations above were for maximization problems . In order to 
compute the A 4 and A~ values for a minimization problem, the identities of the two 
values are interchanged; that is. Equations (9) and (11) became the appropriate 
formulas for A and Equations (10) and (12) are used to compute A + . 

Example 3 illustrates the computation of A + and A - values. 


□ EXAMPLE 3 Sensitivity Analysis 

Perform a complete sensitivity analysis on the following optimal solution: 


x 2 Sj _ ^ Rj RHS 

0 -20 2 0 400 

1 20 -1 0 600 

0 20 -1 1 200 


20 1 0 $2,600 

Solution: Sensitivity analysis will first be performed on the original right-hand-side 
values. Recall that in the original problem we had the following resources available and 
minimum requirements: 

production capacity < 80 hours 
shipping and processing capacity ^ 1,000 units 
minimum requirement for deluxe wallets > 400 units 

Slack variables and S 2 correspond to the production and shipping capacity constraints, 
respectively; surplus variable corresponds to the minimum requirement for deluxe 
wallets. Thus, these columns in the tableau are relevant for sensitivity analysis on the 
original right-hand-side values for rows 1, 2, and 3, respectively. 


Basic 

Variables X } 

—- _ 

T 2 0 

R\ 0 

Objective 
function 0 
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Since R x is a basic variable in the optimal solution, we examine it first, i?, is a 
surplus variable that is basic in the optimal solution, so its A + and A values are found 
using Equations (5) and (6). 

A = 200, the value of R { in the optimal solution 

^r 2 = 00 

The range of possible values that the minimum requirement for deluxe wallets could take 
on using Equations (1) and (2) is as follows: 

f upper limit = original amount plus A + = 400 + 200 = 600 
range y j Qwer |- m - t _ or jgi na i amount minus A~= 400 — oo = — oo 


Hence, if our minimum requirement were any value less than 600 units of the deluxe 
wallet, we would have the same optimal basis that we presently have. 

The two capacity constraints have slack variables that are nonbasic. Therefore, 
performance of a sensitivity analysis using Equations (7) and (8) yields the following 
results: 


A J = min 


400 

-20 


= 20 hours 


AJ, = min{ ^^ } - min(30,10) = 10 hours 


Thus, if the actual production capacity falls anywhere in the range of 70 hours (80-10 
hours) to 100 hours (80 + 20 hours), we have the same optimal basis as currently 
(X x , X 2 , R { \ and their new optimal values can be determined by performing calculations 
on the optimal tableau. 

In addition, the shadow price of $20 per hour of production capacity remains valid 
as long as the firm does not attempt to purchase more than 20 additional hours (A ^) of 
production capacity or to sell more than 10 hours (A^) at that price. Outside this range 
there is a new shadow price, indicating the value of each production hour to the firm. 
Thus, there is a close and important relationship between shadow prices and the values of 
A + and A" determined in sensitivity analysis. 

For $ 2 , the sensitivity analysis yields the following results: 


A = min| 

A7 = min 

^2 


600 200 
-1 ’ -1 


= 200 units 


\ = 200 units 


Thus, if the actual shipping capacity falls anywhere in the range 800 units (1,000 - 200) 
to 1,200 units (1,000 + 200), we again have the same optimal basis and do not have to 
re-solve the problem in order to determine the optimal solution. The same comments as 
above hold true for the shadow price of $1 for each unit of shipping capacity remaining 
valid only within the range 800 to 1,200 units of shipping capacity. 

To perform sensitivity analysis on the original objective function coefficients for the 
two decision variables, which are both basic in the optimal solution, we use Equations 
(11) and (12): 


A ^ = min 


20 

-20 


$1.00 


A^ = min 


2 


= $.50 
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Thus, if the profit coefficient for standard wallets falls anywhere between $3.00 ($2.00 + 
$1.00) and $1.50 ($2.00 — $.50), we have the same optimal solution. Similarly, for deluxe 
wallets: 


At = min 

a 2 


= $ 1.00 



= $ 1.00 


Thus, if the profit coefficient for deluxe wallets falls anywhere between $4.00 ($3.00 + 
$1.00) and $2.00 ($3.00 — $1.00), we have the same optimal solution as before; □ 


Up to this point we have been saying that within the ranges for right-hand- 
side values which are determined by means of sensitivity analysis, tlie optimal 
basis would remain unchanged. Further, it was mentioned that the new optimal 
values for each of the basic variables could be determined by looking at the 
optimal tableau rather than having to re-solve the complete problem. We now 
explore how this is done. 

Whenever a specific right-hand-side value in the original problem is changed 
to take on some other value within its sensitivity-range limits, the column of its 
slack variable becomes the relevant column to use in the optimal tableau in 
order to determine the new optimal value for each basic variable. The new 
optimal values are computed using Equation (13): 


new optimal value 
of basic variable i 


current optimal 
value of basic 
variable i 


+ / \/ change in original 

^ lj ' ( right-hand-side value 


(13) 


where a {j is the value in the current optimal tableau in row i and in column j 
which is the column of the slack or surplus variable associated with the 
right-hand-side value that is being changed. Note that the “change in original 
right-hand-side value” shown in Equation (13) has both a magnitude (numerical 
value) and a direction (sign) that must be incorporated into the calculations. 

Example 4 illustrates the use of Equation (13). 


□ EXAMPLE 4 Optimal Solution Using Sensitivity Range Limits 

Find the new optimal solution in our example problem if the number of production 
hours' is actually: (a) 105 hours; (b) 72 hours. 


Solution: (a) If the actual number of production hours is 105 hours, the problem has 
to be re-solved to obtain the new optimal solution because the value 105 hours falls 
outside the range 70 to 100 hours determined by sensitivity analysis in Example 3. 

It should be noted that if we attempt to use Equation (13) to find the value of X x for 
the change up to 105 hours, the result is 

X { « 400 units + ( - 20)( + 25 hr) = - 100 units 
which is of course infeasible since the nonnegativity constraint would be violated. 
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(b) Since 72 hours does fall within the range 70 to 100 hours, we can proceed with 
calculations as follows: 


new optimal 

value of basic variable 


current 
optimal value 


+ 


a {j \ change in 

value / production capacity 


X x = 400 units + ( - 20)( - 8 hr) = 560 units 

X 2 = 600 units + ( + 20)( - 8 hr) = 440 units 

R j = 200 units + ( + 20)( - 8 hr) = 40 units 

, r- , , , • s / change in 

new profit = original profit + (shadow pnce)^ production capaci t y 

= $2,600 + (4- $20)( — 8 hr) 

- $2,440 


The new profit can also be computed by multiplying the number of units of each product 
by its respective contribution margin and totaling. □ 


DUALITY THEORY 

Another important area related to linear programming problem formulation 
and solution is referred to as duality theory. Corresponding to every maximization 
LP problem, usually called the primal problem , there is a closely related minimiza¬ 
tion problem called the dual problem. From our point of view, the major 
attractiveness of duality theory lies in the interesting ecqnomic interpretation of 
the dual problem and the insight that the dual problem provides for extensions 
of LP, mainly to integer linear programming. 

The following properties of duality are the most important: 

1. The primal problem is generally a maximization problem, which has 
less-than-or-equal-to constraint equations. 

2 . The dual problem is generally a minimization problem, which has 
greater-than-or-equal-to constraint equations. 

3. The dual of the dual is the primal. 

4. The decision variables in the dual correspond to constraint equations in 
the primal, and vice versa. Thus, if there are n decision variables and m 
constraint equations in the primal problem, there will be m decision variables 
and n constraint equations in the dual. 

5. An optimal solution to the dual exists only when the primal has an 
optimal solution, and vice versa. Further, the optimal value of the objective 
function must be the same for the primal and the dual. 

6. By examining the optimal tableau of the primal problem we can also 
determine the optimal values for the dual variables, since they are the shadow 
prices associated with each of the slack and surplus variables. 

Formulation of the dual problem for the example problem that has been 
used throughout the chapter is demonstrated in Example 5. 


Chapter 19: Introduction to Mathematical Programming 303 

□ EXAMPLE 5 Formulation of the Dual 

Formulate the dual for the problem in Example 1. 

Solution: Recall the primal problem formulated in Example 1; 

Maximize $2X x + $3X 2 
subject to the following constraints: 

0.05Xj + 0.10X 2 < 80 hours production capacity 
\X x + 1X 2 < 1000 units shipping capacity 

1X 2 > 400 units minimum requirements for deluxe wallets 
X x , X 2 > 0 

where X x = the number of standard wallets to be produced 

X 2 —the number of deluxe wallets to be produced 
The dual problem is as follows: 

min^Ozq + 1000w 2 - 400w 3 ) 
subject to the following constraints: 

0.05«j + 1 u 2 4- 0« 3 > $2 profit for X x 
O.IOmj 4- 1w 2 — 1«3 > S3 profit for X 2 
u ,, u 2 , u 3 > 0 

where u x — the imputed price that the firm would be willing to pay per hour of production 
capacity 

u 2 —the imputed price that the firm would be willing to pay per unit of shipping 
capacity 

u 3 — tbe imputed price that the firm would be willing to pay per unit of minimum 
requirement for the deluxe wallet □ 

The primal and dual forms in Example 5 are closely related to each other as 
originally stated. The dual problem seeks to find the smallest imputed prices (u u u 2 , 
and u 3 ) that should be associated with the firm's resources available or requirements on 
activities (80 hours of production capacity, 1000 units of shipping capacity, and a 
minimum requirement to produce 400 units of the deluxe wallet) subject to the 
requirement that these prices completely account for the profit generated per unit of each 
product. 

It should also be pointed out that the decision variables in the primal problem 
refer to the number of units of each product that should be produced while the 
slack variables refer to the quantity of excess resources available. In the dual 
problem, the decision variables are the imputed prices (or accounting values) 
associated with each of the resources that will be used to produce the various 
products, and the surplus variables show the excess of the imputed costs of a unit 
of output of a given product over its profit per unit. These interpretations of the 
description, based on the characteristics of duality, are expanded below: 

1. The optimal production, which is found in the primal problem, de¬ 
termines the total profits generated and the quantity of excess resources still 
available. 

2. The optimal price per unit for each resource is found in the dual, which 
generates the same total dollar value as was found in the primal. 
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3. The optimal price (found in the dual) for any resource of which there is 
an excess amount still available given the optimal production (found in the 
primal) will be zero. 

4. Given the optimal prices found in the dual, any product whose profit 
does not equal the opportunity cost of the resources required to produce one unit 
will not be produced in the optimal product mix found in the primal problem. 

In the next chapter, we demonstrate that the dual problem has a very 
important interpretation in the capital budgeting problem setting. 

The optimal solution to the dual is closely related to the optimal solution of 
the primal problem. This is shown in Example 6. 

□ EXAMPLE 6 Solution of the Dual 

Find the optimal solution to the dual problem formulated in Example 5 and 
compare it with the optimal primal solution. 

Solution : The optimal primal solution, as developed in Example 2, is reproduced 
below: 


Basic 


Variable X } _Aj?_ $ _ $2 _ 


ATi 

1 

0 

-20 

4 

2 

0 

400 

X 2 

0 

1 

20 

-1 

0 

600 

*1 

0 

0 

20 

-1 

1 

200 

Objective 

function 

0 

0 

20 

1 

0 

2600 

optimal solution to the dual is: 





Basic 

Variables 

Uj 

u 2 

u 3 

r 2 

r 3 

RHS 

u 2 

0 

1 

1 . 

-2. 

1 . 

1 . 

u 1 

1 

0 

-20. 

20. 

-20. 

20. 

Objective 

function 

0 

0 

200 

400 

600 

2600 


The optimal primal solution indicates that 400 standard and 600 deluxe wallets 
should be produced. This is 200 units over the minimum requirement of 400 deluxe 
wallets and generates $2,600 of profit. All of the production capacity originally available 
(80 hours), as well as the shipping capacity (1000 units) originally available, has been 
consumed by the optimal production plan. The shadow prices for these two resources 
show that the firm would be willing to pay up to a maximum of $20 to acquire one 
additional hour of production capacity and up to $1.00 to purchase one additional unit of 
shipping capacity. 

The optimal dual solution shows that the optimal prices (u u u 2 , and u :i ) for the three 
resources or activities (production capacity, shipping capacity, and minimum production 
requirement of deluxe wallets) are $20, $1, and 0, respectively. Of course, these optimal 
values are exactly the shadow prices associated with the corresponding slack and surplus 
variables in the primal due to the interrelationships between the primal and dual 
formulations discussed earlier. The optimal value of the objective function for the dual is 
also $2600. The two surplus variables R 2 and R 3 are nonbasic in the optimal solution. This 
means that, given the optimal values to be paid for the resources needed (iq, « 2 , and « 3 ) 
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to produce products X x and X 2 , the dollar profit generated by these two products is 
exactly accounted for. 

The shadow prices in the optimal dual solution indicate the following: 

1. The objective function would increase by $200 if u 3 were forced into solution at a 
value of 1. 

2. The objective function would increase by $400 (R 2 ) if the right-hand-side value 
for constraint 1 were increased by 1 unit (i.e., if the dollar profit for product X t were 
increased from $2 to $3). 

3. The objective function would increase by $600 (R 3 ) if the right-hand-side value 

or constraint 2 were increased by 1 unit (i.e., if the dollar profit for product X 2 were 
increased from $3 to $4). Sensitivity analysis would be performed on the dual in exactly 
the same way as it was done on the primal. □ 


SUMMARY 

This chapter surveys the rather broad field of mathematical programming 
with an eye toward the use of this powerful class of management science models 
m the capital budgeting area. Model building is discussed in general, as well as 
in the specific area of mathematical programming. Various mathematical pro¬ 
gramming models are introduced to handle problems under the assumption that 
either conditions of certainty or risk were present in the decision setting. 

Linear programming (LP) is treated in depth because of the importance of 
this technique, its widespread use, and the reliance of more advanced techniques 
on the LP formulation and solution. Problem formulation, graphical and 
computerized solution approaches, and sensitivity analysis are all discussed and 
illustrated with examples. Finally, the important area of duality is examined to 
show the interesting interrelationships and important economic interpretations of 
the primal-dual LP problems. 

The material in this chapter forms a basis for the following two chapters. 
The strengths of mathematical programming techniques are examined as tools to 
assist the financial manager in evaluating capital investment alternatives and to 
integrate investment decisions with financing and dividend decisions. 


QUESTIONS/PROBLEMS 


i. The Datamax Company has recently become enthralled with linear programming 
and wants to utilize it in determining the optimal product mix for its two product 
lines. The relevant information about its products is as follows: 


Product X Product Y 


Selling price 

$16.00 

$23.00 

Standard material cost 

1.50 

2.25 

Standard labor cost 

6.00 

8.00 

Standard machine time: cost 

4.50 

5.25 

Standard shipping cost 

1.00 

1.00 

Maximum demand 

None 

500 units 

Minimum requirements 

100 units 

None 
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In addition, Datamax has several resource constraints that cannot be violated: 

raw-material constraint 1,000 units at $1.50 standard cost 

labor-hours constraint 1,200 hours at $4.00 standard cost 

machine-hours constraint 2,800 hours at $1.50 standard cost 

shipping capacity constraint 650 units at $1.00 standard cost 

Formulate this linear-programming problem and solve it using the graphical tech- 
nique. 

2. Find the optimal solution to Problem 1 using the simplex method or a packaged LP 
algorithm. 

3. Perform a sensitivity analysis on the right-hand-side values for the solution arrived at 
in Problem 2. 

4. Perform a sensitivity analysis on the objective function coefficients for the solution 
arrived at in Problem 2. 

5. Formulate the dual LP problem for Problem 1. Solve it using the simplex method or 
a packaged LP algorithm. 

6. A sophisticated farmer uses LP to determine the amount of various crops to plant. 
She has 1,000 acres of land on which she can grow corn, wheat, or soybeans. Each 
acre of corn costs $100 for preparation, requires 7 worker-days of labor, and yields a 
profit of $30. Each acre of wheat costs $120 for preparation, requires 10 worker-days 
of labor, and yields $40 in profit. Finally, soybeans cost $70 to prepare the land, 
require 8 worker-days, and yield a $20 profit. If the farmer has $100,000 available 
for preparation expenses, has 8,000 worker-days of labor available, and wants to 
maximize profit, her LP formulation would be: 

maximize 30*, + 40* 2 + 20 * 3 

subject to 

loo^! + mx 2 + 70*3 + Si = 100,000 

7*! + 10 * 2 + 8*3 + S 2 = 8,000 

*!+ * 2 + *3 + ^3= 1,000 

X t ,s t >0 I — 1,2,3 

Solve this problem using the simplex method or a packaged LP algorithm. 

7. The optimal LP solution to Problem 6 is as follows: 


Xi 

*2 

*3 

S, 


5 , 

RHS 

0 

1 

1.9375 

-0.04375 

0.625 

0 

625 

1 

0 

-1.625 

0.0625 

-0.75 

0 

250 

0 

0 

0.6875 

-0.01875 

0.125 

1 

125 

Z 0 

0 

8.75 

0.1250 

2.50 

0 

32,500 


Answer the following questions about the optimal solution. 

(a) What is the optimal amount of each of the three crops that should be planted? 

(b) What is the dollar profit generated by the optimal planting? Show a proof that 
this figure is correct. 

(c) Are there any excess resources given the optimal planting? Demonstrate that this 
is correct by plugging the optimal values for *,, * 2 , and * 3 into the constraint 
equations. 

(cl) How much would the farmer be willing to pay for an additional dollar of capital? 
An additional worker-day of labor? An additional acre of land? 

(e) Demonstrate that the answers given for part (d) are correct assuming that the 
farmer wanted to plant 10 more acres of wheat. 
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(f) What is the meaning of the value in row Z and column X 3 ? 

(g) Demonstrate that the value mentioned in part (f) is correct by computing the cost 
of planting an acre of X 3 using the shadow prices shown in the optimal tableau. 

8. For the optimal solution given in Problem 7, perform a sensitivity analysis on the 
right-hand-side values. 

9. For the optimal solution given in Problem 7, perform a sensitivity analysis on the 
objective function coefficients. 

10. For the optimal solution given in Problem 7, find the new optimal solution if the 
original labor availability was 8,100 worker-days (i.e., what would be the new values 
for each of the basic variables if there were originally 8,100 worker-days of labor 
available?). 

11. For the optimal solution shown in Problem 7, find the new optimal solution if the 
original amount of capital available was $104,000. 




MulripERiod AiNAlysis 


Ul\dER CONdiTiONS of CERTAiNTy: 

□near PROqRAMIVlilNq 


Throughout the first seven chapters of the book, several assumptions are made 
that are at variance from the practical problem setting faced by decision-makers 
relative to capital investment decisions. Namely, it is assumed that capital 
investment projects are independent of each other and that the firm can obtain 
as much capital as is desired at the market rate of interest. These two assump¬ 
tions, plus the assumption that conditions of certainty existed (the last of which 
was relaxed in Chapter 13), enable the decision-maker to consider each project 
individually to determine whether it should be accepted or rejected. However, 
when the former two assumptions are relaxed, a number of complexities arise in 
the decision setting. This chapter and the following two chapters explore the 
important tools of mathematical programming that are available to financial 
managers as they endeavor to handle these new complexities. 


HISTORICAL PERSPECTIVE 

In 1955, Lorie and Savage discussed the shortcomings of various methods of 
analysis, especially the internal-rate-of-return method, when capital is rationed. 1 
They presented examples demonstrating: 

1. Problems that develop because multiple projects under consideration are 
not independent. 

2. Problems that develop when capital is rationed in more than a single 
time period. 

! J. H. Lorie and L. J. Savage, “Three Problems in Rationing Capital,” The Journal of Business, 
(October 1955), pp. 229-239. 
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inflows tha V deVel °. P wher ? anal Y z > n g projects that have both cash 

inflows and outflows dispersed over their lives. 

They overcame the first and third problems by utilizing the net present 
value approach rather than the internal rate of return. They attempted to 
overcome the second problem. However, the breakdown of their approach 
opened the way for the subsequent research that applied mathematical program- 
ming to the capital rationing problem area. ' ® 

Co T °P er > al \ d Mifier 2 and Weingartner 3 were the pioneers who 

reso^uHon Th" “ d S ava 8 e ’ s second P roblem of ca P ital rationing and its 

resolut on. These authors demonstrated that Lorie and Savage’s generalized 

r ^r, , 0 ^ CX1St f ° r a “ typCS ° f Caphal rationin § Problems, that an 
forZn Kl'° n 18 n0t f aranteed usin « the multipliers, and that the trans¬ 
formed problem using the approach may not be equivalent to the original 
problem. Charnes, Cooper, and Miller formulated a LP (linear programming) 
bo^htn T St , -"floating funds among competing uses considering 

T 8 nandal P lannin §- Weingartner’s outstanding work 
formulates the capital rationing problem first as an LP then as an IP (integer 

rr mm ‘ ng) m ^ e ' , HlS W ° rk alS ° P rovided valuable insights concerning fhe 
shadow prices and dual variables for the integer programming formulation 

mafh S ” ,he r pioneering Works there have been many advances in the area of 
mathematical programming applied to the capital budgeting problem The 

^th°the cTnvThT Clthe " sou .S ht to integrate other financial decision areas 

and h IP or P h f g decis, " n > relaxed the single goal assumption of LP 
and IP, or have attempted to handle the capital rationing problem under 
cond'tions of risk The focus of Chapters 20 and 21 will be^o survey the 

'” P ." ant . areas of h "f r > ,ate g er > a «d goal programming as they apply to the 
capital rationing problem. Example problems will be formulated in the neces¬ 
sary framework and the optimal solutions interpreted for the reader. 


MOTIVATION FOR THE USE OF MATHEMATICAL PROGRAMMING 

As we have pointed out above, it can be demonstrated that (under the 
assumptions enumerated in Chapter 4) the selection of that set of projects which 
maximizes the net present value will simultaneously maximize shareholders’ 

ratfo^J-*^ 0 ^ Ut ‘ Uy ' However ’ as ar S ued in Chapter 7, when capital is 
rationed in one or more periods, no longer should we merely rank projects 

according to their net present values (or profitability indexes) and just continue 
to select them in order until the budgets) are exhausted. This is true due to 
disparities m the original[costs of projects under consideration, which may find 
that several projects with smaller original costs have a greater combined net 
present value than one larger project. Hence, what must be done is to find the 

(Englewood CliJfs.^N.Tf'pi-enticeqiair^IncfTs^y^ ^ ° f ^ ***** 
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combination of projects that will maximize net present value while not violating any 
relevant constraint. As the number of projects and/or the number of years in t e 
planning horizon increase, the number of feasible combinations of projects grows 
exponentially. Thus, it becomes advantageous to call upon a set of models such 
as mathematical programming, which does not require the explicit evaluation o 
each feasible combination and which can be solved within modest computer time 
and memory requirements (even for rather large problems). Mathematical 
programming models are powerful in that they are optimization techniques (i.e., 
they find the best possible solution to a given problem representation) and they 
can be used to accurately describe virtually any real-world problem setting. 
Numerous computerized solution algorithms are available through every com¬ 
puter manufacturer; thus, even small firms can afford to call upon mathematica 
programming techniques to facilitate the decision-making process m the capital 
budgeting area as well as other problem areas. 

LINEAR PROGRAMMING REPRESENTATION 

Based on the introduction to linear programming provided by Chapter 19, 
we can proceed directly to the formulation of the capital rationing problem using 
the LP model: 

N 

Maximize NPV = fyXj W 


subject to 


VC it X } <K t <-1,2 


0 < Xj < 1 w 

where Xf* percent of project j that is accepted 

b — net present value of project j over its useful life 
Cj t — cash outflow required by project j in year t 
K t = budget availability in year t 
PI— the number of projects under evaluation 

The above formulation merely states that the firm wants to select the set of 
projects that maximizes the net present value without violating any of the budget 

In addition, the following aspects of the LP formulation for the capital 
rationing problem should be noted after referring back to the general assump¬ 
tions of LP models listed in Table 19-2: 

1. The X decision variables are assumed to be continuous that is, partial 

projects are aflowed in the LP formulation. 

2 . The usual nonnegativity constraint of LP is modified as shown in 
Equation (3) to also show an upper limit for each project—that is, it ^required 
that each project have a maximum value of 1.00 or that it is accepted 10 o 
(there is only one project of each type available). This upper limit does not 
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create problems under conditions where multiple projects of the same type can 
be accepted. In such cases, we just define a new decision variable for each time 
that the project could be accepted, 

3. It is assumed that all the input parameters—^-, C jt , K t —are known with 

Idiriiy, 

1 -f 4 'i rhe b fx par f n l eter shows the net present value of project j over its useful 
life, where all cash flows are discounted at the cost of capital, which is known 
with certainty. 

5. The values of C Jt in the budget constraints are not discounted back to 
year 0 since the budget funds available (K t ) are expressed in year t ’s dollars. 

To illustrate the general approach, consider the following classic example. 

□ EXAMPLE 1 Lorie-Savage Nine-Project Problem 

The following nine-project, two-period problem was originally considered by Lorie 
and Savage. Later, it was used by Weingartner to illustrate the use of LP to represent the 
capital rationing problem: ^ 


Project 

NPVj 

Cjj — Cask Outflow 
in Period 1 

1 

$14 

$12 

2 

17 

54 

3 

17 

6 

4 

15 

6 

5 

40 

30 

6 

12 

6 

7 

14 

48 

8 

10 

36 

9 

12 

18 


2 j ~ casn Uutjlow 
in Period 2 


$ 3 
7 
6 
2 
35 
6 
4 
3 
3 


Budget available: £Cj ; Aj < $50; ECyAj < $20 

Formulate this problem as an LP and solve it using a packaged solution algorithm. 
Solution: The LP formulation is as follows: 

Maximize NPV = 14Aj + 17T, + 11X 3 + 15X 4 + 40T 5 
+ l2X 6 +UX 7 + l0X 3 +l2X g 

subject to 

12X t 4 54X 2 4- 6X 3 4 6X 4 4 30T 5 4 6X 6 4 48Xy 

+ 36 T 8 4 18X 9 4 £j =50 budget constraint year 1 
3 *i 4 1X 2 4 6X 3 4- 2X 4 4- 35X 5 4- 6X 6 4 4X 7 

4- 3T 8 4- 3T 9 4- S 2 = 20 budget constraint year 2 

*4 d »Sg = 1 Xy 4- 6*9 = 1 \ 

*5 + 4 = 1 x 8 4 S l0 = 1 

*8 + 4-1 ^9 + 4! -1 

i-l,2,...,11; j = 1 , 2,...,9 


*i+4“i 
X 2 4 S 4 = 1 
*3+4—1 
*j,4^o 


upper limits on 
project acceptance 


nonnegativity constraint 


The following aspects should be pointed out concerning this formulation. 
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The general approach taken in this example is similar to that shown in Equatiom 
(l)-(3) However, skck variables have been added to each less-than constraint so that a 
fuller interpretation can be given to the optimal solution. Slack vanaWe s S and J 
represent respectively, the number of budget dollars in years 1 and 2 that remain 
unallocated to any of the nine projects under evaluation. Slack variables S 3 thro u S h n 
rep"he percent of project 1 through 9, 

firm—the sum of X- and its corresponding slack variable S +2 must equal or iuu/o 
^ce the entire pro^t must be either accepted or not accepted. The optimal LP solution, 

obtained from IBM’s MPSX package, is shown in Table 20-1. 

Interpreting the optimal solution, we see that the basic variables, that is, the 
variables that are equal to a positive value in the optimal solution, are X„ A 3 , A 4 , 6 , 

y Y V 9 S S S,c which are equal to their corresponding values on the 
a 7 , a 9 , o 4 , ^7? ^8? °io> Willva m irV T^_tnv—iny =0 969697 

right-hand side of the optimal tableau (i.e., Z, - 1.0, - 1.0, Xj 1.0, 6 • ’ 

Jd so on) Any of the variables in the problem that are not listed as basic vanables are 
in fact nonbasic variables in the optimal solution, which means that they are equal o 

Thus X = X = X* = 0 which shows that these three projects should be completely 
Tctld “n addition, S,- .% = 0 , shows that the entire budge, allotment of 150 in year 
and $20 in year 2 has been spent on the six projects that have been designated for 
acceptance; further, S 3 = 5, = = S,, = 0, since the projects corresponding to these slack 

variables (i.e., X lt X s , X„ X 9 ) have been 100% accepted. To s—e f% J „f project 7 
and 9 have been fully accepted; 97% of project 6 is accepted; and only A5% of project? 
is accepted These projects require the use of the entire budget m both years a g 
the maximum objective function value of $70,273, which is the net present value of the 

accepted projects. 

Examples shown below interpret the shadow prices in row Z of the optimal 
tableau, as well as perform sensitivity analysis on the optimal solution. 

Of course, it could be asked: Do the partial projects in our LP solution to 
Example 1 really make sense? The answer is maybe. The LP solution above, 
whic/was arrived at using only tenths of a second of computert.me, does 
provide considerable insight about the nine projects under evaluation. The fully 
accepted projects (1, 3, 4, and 9) are clearly very attractive to the firm. On the 
other hand, the partially accepted projects (6 and 7) were the J ast <w° to e 
brought into the firm’s portfolio. These partial projects would be feasible only 1 
the firm could find a partner or the other party interested m entering a joint 
venture to undertake the project in question. Recall that the use of LP to hact e 
the capital rationing problem means that partial projects cannot be excluded 

from the optimal solution. . . 

The LP formulation of the capital rationing problem above is significantly 
easier to solve than the integer programming formulation (discussed in Chapter 
21), wherein no partial projects are allowed. Integer programming pro e s 
take up to 100 times longer to solve on the computer than the equivalent LP 
formulation. Furthermore, Weingartner points out that the number of pi t 
projects accepted in an LP cannot exceed the number of years in which there is a budgyt 
constraint* Thus, if a firm were evaluating 100 projects over a 3-year planning 
horizon using LP, it is assured that there will be no more than three projects that 
are accepted only partially. This fact, plus the much more rapid solution time, 
makes it definitely advantageous to utilize the LP formulation. 


4 Weingartner, Mathematical Programming, Appendix A to Chapter 3. 
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OTHER CONSTRAINED RESOURCES 


Example 1 included as less-than constraints only the budget limitation in 2 
years and the upper limit on the acceptance of any P™J ect - Lmea [ progra " 1 " 1 ‘"! 
models can incorporate numerous other constraints which show other constrained 
resources, legal requirements, managerial policies, and requirements imposed by 
the environment. Example 2 illustrates several of these constraints. 


□ EXAMPLE 2 Modified Lorie-Savage Problem 

Consider a firm that is evaluating the same nine projects as ^Example 1, but with 
limitations imposed on working-capital requirements for all projects ($25) over their 
“iWes, managerial supervision of the projects (120 hours) and a legal requirement 
for water purity control. (The firm feels that EPA will not bother it if it achieves at least 
10 water purity control points in the projects it accepts.) 


Cjj = Cash Outflow 


Project NPVj in Period 1 

1 "$14 S12 

2 17 54 

3 17 6 

4 15 6 

5 40 30 

6 12 6 

7 14 48 

8 10 36 

9 12 18 


Budget available: < $50; 


C 2 j — Cash Outflow 
in Period 2 

S~3 

7 

6 

2 

35 

6 

4 

3 

_ 3 

ZCzjXj < $20 


Project 

1 

2 

3 

4 

5 

6 

7 

8 

9 


W- — Working- 
Capital 
Requirement 

11 

7 

4 

8 

5 

12 

9 

6 


Other constraints: < $25; 


Mj = Managerial 
Supervision 
in Hours _ 

20 

80 

18 

14 

88 

16 

74 

60 

28 _ 

ZXjMj < 120 ; 


Pj = Water-Purity 
Control in 
Points 

L2 

6.3 

2.7 

2.2 

8.8 
2.0 
5.7 
5.9 
3.2 

L XjPj > 10 


Formulate and solve this problem as an LP and interpret the optimal solution. 
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Solution; The formulation is as follows: 

Maximize NPV = 14X l + 17X 2 + 17X 3 + 15X 4 + 40X 5 + 12X 6 + 14X V + 10X 8 + 12 X 9 

subject to 

12Xj + 54X 2 + 6 X 3 + 6 X 4 + 30X 5 + 6 X 6 

+ 48X 7 + 36X 8 + I 8 X 9 + «Sj = 50 budget year 1 
3X t + 7X 2 + 6 X 3 + 2 X 4 + 35 X 5 + 6 X 6 

+ 4X 7 + 3X 8 + 3 X 9 + £ 2 = 20 budget year 2 

* 1 + S 3 = 1 X' + St-l -^7 + ^ = 1 \ upper limits 
X 2 + S 4 -l X 5 + 5 ' 7 = 1 X 8 + *Sj 0 = 1 } on project 

X 3 + ^5 — 1 X 6 + Sq = 1 X 9 + 5 j J = 1 j acceptance 

5Xj + 11X 2 + 7 X 3 + 4X 4 + 8 X 5 + 5X 6 

+ 12 X 7 + 9X 8 + 6 X 9 + S i2 = 25 working capital 

20X, + 80X 2 + I 8 X 3 + 14X 4 + 88 X 5 + 16X 6 

+ 74X 7 + 60X 8 + 28X 9 + *Sj 3 = 120 management supervision 
1.2X, + 6.3X 2 + 2 TX 3 + 2.2 X 4 + 8 . 8 X 5 + 2.0X 6 

+ 5.7X 7 + 5.9X 8 + 3.2Xg — == 10 water purity control 

* lS >0 i=l,...,9; * — 1,2.13 

Notice that this formulation is exactly the same as the formulation in Example 1 
except for the last three constraints, which show the new limited resources (working 
capital and management supervision) and a restriction imposed by legal authorities 
outside the firm (water pollution control). The new slack variables S l2 and S l3 show, 
respectively, the number of unused working capital dollars of the 25 originally available 
and the number of unallocated hours of management supervision among the 120 hours 
originally available. There is another new variable (R { ) in the last constraint, which is a 
“ surplus variable,” showing the number of water purity control points that accepted 
projects score above the minimum level of 10 specified by management. The optimal 
solution to this formulation is shown in Table 20-2. 

The optimal solution shows a number of changes resulting from the additional 
constraints. As can be noticed from the tableau, projects 1, 3, 4, and 9 are fully accepted. 
Two projects are partially accepted—5 and 6 —and are accepted 9.45% and 44.88%, 
respectively. There are excess budget dollars in year 1 (slack variable in the amount of 
$2,472, as well as excess hours of management supervision (slack variable *Sj 3 ) in the 
amount of 24.5 hours. The accepted projects used the entire budget in year 2 and the 
entire working capital availability (slack variables S 2 and S V2 are not among the basic 
variables and hence are equal to zero), while they generated an excess number of water 
purity points (1.029) over the minimum level of 10 as shown by the surplus variable /?, 
being basic in the optimal solution. The new value of the objective function is $67,165, 
which is down from $70,273 in Example 1 because the current problem has additional 
constraints that must be met. n 


Next, we consider the shadow prices and sensitivity analysis. 
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SHADOW PRICES AND SENSITIVITY ANALYSIS 

As pointed out in Chapter 19, sensitivity analysis is a critically important 
aspect of problem solving using mathematical programming models. Recall that 
sensitivity analysis allows an interpretation of the shadow prices associated with each 
constraint equation , as well as determining the range of possible values that each of the 
model s input parameters could take on without changing the basic variables in the optimal 
solution to the problem. Sensitivity analysis is important from the viewpoint of 
marginal analysis. Furthermore, it provides valuable insight to the decision-maker 
concerning the impact that LP’s assumption, that each input parameter is known 
precisely and with certainty, has on the flexibility of the optimal solution. Of 
course, precious few factors in the capital budgeting problem setting are known 
precisely and with certainty. Hence, the decision-maker should be aware of how 
sensitive the optimal solution is to changes in each of the input parameters (i.e., 
objective function coefficients, right-hand-side values for the constraints, and 
coefficients of each decision variable in the constraints). The more critical 
parameters should receive more attention from management to make sure that 
control measures keep these parameters within acceptable limits. 

In the LP formulation of the capital budgeting problem, there are shadow 
prices associated with both accepted and rejected projects ,, These values enable the decision¬ 
maker t 0 ' rank all projects according to their relative attractiveness (as will be demon¬ 
strated in the next example). For accepted projects, the shadow prices are found 
under the slack variables (*S^) for the following constraints: 


The shadow prices are computed using the following expression: 

T 

y j = b j~ T, PfCj, ( 4 ) 

1 


where yj= shadow price associated with accepted project j (shown under the 
slack variable associated with project j) 

~ present value for project j shown in the objective function 
p t = shadow price in the optimal solution associated with eacH resource t 
which is required to accept a project (shown under the slack variable 
associated with the corresponding resource) 

Cj t = quantity of resource of type t required by project j 

The shadow prices jj may very well give a ranking for the projects which differs 
from that given by any of the simple models such as payback, NPV, IRR, or the 
profitability index. Such differences in ranking will exist because the latter 
models look at the projects independently and without any resource limitations. 
On the other hand, the LP shadow prices show interrelationships among projects by means 
of the budget constraints; they evaluate the projects at the implicit cost (p*) that is implied by 
the optimal use of resources of type t. 
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In addition to the shadow prices for accepted projects discussed above, the 
rejected projects have shadow prices that are computed in an analogous way: 

Hj-tfiCj-bj (5) 

t=\ 

where jli is the shadow price associated with rejected project j (shown in the 
objective function row in the column for Xfi). The fij value shows the amount by 
which the objective function would decrease if the firm were forced to accept the unattractive 
project j. If such projects were accepted, this would mean that the scarce capital 
budget dollars would be used in a suboptimal way, since the opportunity cost 
associated with the cash outflows (LpfC,,) exceeds the present value of the 
benefits generated by the project. It should be mentioned that the fij values must 
be zero for all projects that are accepted (including partially accepted projects') because the 
benefits of these projects must justify the cash outlays in the various periods of the planning 
horizon (C jt ) when they are evaluated at the implied cost of capital (p *) when the budgets 
each year are used in an optimal way. 

The next example illustrates the computation of these shadow prices and 
explains their significance. 


□ EXAMPLE 3 Interpretation of Shadow Prices 

For Example 2, interpret all shadow prices shown in Table 20-2. 

Solution: We start with the shadow prices for the slack and surplus variables S u S 2 , 
S S 135 and R u which are the slack and surplus variables associated with the resources 
that were originally available for our capital investment program—namely, the budget 
for years 1 and 2 (S { and S 2 ), working-capital funds ( S l2 ), managerial supervision (5 13 ), 
and minimum requirement for water purity control (R^. As the reader will notice, slack 
variables S u S l3t and surplus variable /?, are basic variables in the optimal solution, since 
there are $2,472 of the first year’s capital budget (^) still remaining, 24.5 hours of 
management supervision time (S l3 ) available, and the desired level of 10 water purity 
control points established by management has been exceeded by 1.029 points (7?,). 

Hence, the shadow prices for all of these variables are zero, since the firm would be 
unwilling to purchase any additional units of these resources (first year’s capital budget or 
hours for supervision of projects by management) or to pay anything to reduce the 
original 10-unit lower limit for the desired level of water purity control points of accepted 
projects. If any of these corresponding right-hand-side values were changed (resources 
increased or minimum requirements decreased), the objective function would not increase, 
since the other constraints are binding on the optimal solution. They are the ones that 
would have to be altered. Since the objective function would not increase, the firm would 
not be willing to pay anything for any of these changes because the end result would only 
be that more of these resources would be left over in the optimal solution. 

On the other hand, variables S 2 and S l2 are nonbasic variables in the optimal 
solution, which means that their corresponding resources (budget dollars m year 2 and 
working capital funds, respectively) are completely exhausted in the ojptimal solution. 1 he 
shadow price for S 2 is 0.819, which means that we would be willing to pay up to a 
maximum of 81.9% interest on new capital that we could raise in year 2 (a somewhat 
significant cost of capital) because the objective function would increase by this amount 
(0.819) for each dollar of additional budget that we could obtain. Naturally, we would 
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not borrow unlimited amounts at 81.9%, but rather would limit the amount to a sum 
consistent with the other constraints within the problem. The exact amount is determined 
by the A and A values. We now demonstrate that the 81.9% is correct. The two projects 
that would be affected are partial projects X 5 and X 6 ; if we had additional funds in year 
2 , we could purchase additional portions of one or both of these projects. 

Currently, the contribution of these two projects to the objective function is the 
percent accepted of each multiplied by the objective function coefficients for the respec¬ 
tive project: ^ 



% Accepted 

NPV Objective 

Function Coefficient 

Contribution 
to Value of Objective 
Function 

Project 5 

(0.094488) X 

$40 = 

$ 3.77952 

Project 6 

(0.448819) X 

$12 

5.385828 




$9.165348 


Consider now that we could obtain $2 of additional budget in year 2. The way that 
we determine the impact that this would have on each basic variable in the optimal 
solution is by looking up the column for S 2 in the optimal tableau. Notice that the 
coefficients in the row for X 5 and X 6 are 0.0394 and -0.063, respectively. This means 
that additional dollars in year 2 would increase the percentage purchased of project 5 (by 3.94% 
for each dollar) and decrease the percentage of project 6 purchased (by 6.3% for each dollar). 
Thus, the new percentage of each project accepted if we had $2 additional in year 2 
would be: 



Current 

Percent 

Accepted 

Change 

per 

Dollar 

Change 

in 

Dollars 

New 

Percent 

Accepted 

NPV 

Objective 

Function 

Coefficient 

Contribution 
to Value of 
Objective 
Function 

Project 5 
Project 6 

0.094488 + 
0.448819 + 

(0.0394) 

(-0.063) 

X ( + $2) = 
X ( + $2) = 

0.173288 X 
0.322819 X 

$40 = 

12 = 

$ 6.93152 
3.873828 


SI 0.805348 

Less current contribution to 

value of objective function 9.165348 

Increase in value of objec- 

tive function $1.640000 

Divided by change in $ in 


year 2 ^2 

Increase in objective func¬ 
tion value per dollar change = $0.82 * $0,819 

Shadow 

price 


In a similar fashion we can demonstrate that the shadow price for additional working 
capital dollars of $1,417 means that the objective function would increase by this amount 
for each dollar of such funds that could be raised over the original amount of $25. Shadow 
prices are valid only within given ranges of change for each original resource , ay demonstrated in the 
next example. 
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As was pointed out above, each rejected project also has a shadow price, which can 
be interpreted and verified. The shadow prices under X 2 , X 7 , and X 8 (the three rejected 
projects) show the amount by which the objective function would decrease if we were 
forced to accept one of these three projects. Thus, these values give a ranking of the 
rejected projects; the smaller the shadow price, the less objectionable it would be to be 
forced to accept the project. 


Shadow 

Project Price 

~~2 $4,323 

8 $5,213 

7 $6,283 


Using Equation (5), we can show how each of these shadow prices was determined. The 
shadow price for project 8 is verified as follows: 

T 

/^8 = E P*^8t ~ ^8 

t=l 

- (0)(36) + (0.819)(3) + (1.417)(9) + ^0)(60)^ + 

budget 1 budget 2 working management 
capital supervision 

= 0 + 2.457 + 12.753 + 0 + 0- 10 = $5.21 

Similarly, using expression (4), we can verify any or all of the following shadow prices, 
which show the rank order of accepted projects: 


(0)(5.9) - 10 

water purity 
control 


y 4 = 7.693 
Yj = 4.46 
73 = 2.165 
y 9 = 1.039 


75 = 0 

76 = 0 


partially accepted—marginal projects 


The shadow price for project 1 is verified as follows: 

T 

7i = ^ ~ E Pl C u 

l 

(0)(12) +(0.819)(3) + (1.417)(5)+ (0)(20) 


t= 1 


14- 


( 0 )( 1 . 2 ) 


budget 1 budget 2 
= 14- (2.457 + 7.085) = 4.458 


working management water purity 
capital supervision control 


□ 
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The shadow prices determined from the optimal solution are valid only 
within a given relevant range that each of the input parameters can take on. 
This area was discussed in Chapter 19, wherein we computed A + and A - for 
each original right-hand-side value and each objective function coefficient. For 
instance, Example 3 mentions that the shadow price for budget dollars in year 2 
is 0.819 or that we are willing to pay a rate of interest of 81.9% to obtain 
additional budget dollars in year 2. However, we would not be willing to pay 
this rate indefinitely. In fact, we would only be willing to pay such a high rate 
until: 


1. One of the other resources still available (i.e., budget dollars in year 1, or 
managerial supervision time) became exhausted because of the acquisition of an 
additional portion of a partial project enabled by the new budget dollars 
obtained for year 2. 

2* A partially accepted project became completely accepted through the 
new budget dollars obtained for year 2. 

3: A partially accepted project became completely rejected since funds were 
removed from it as new budget dollars were obtained for year 2. 


Notice that the occurrence of any of these conditions would change the basis 
of the optimal solution or make it infeasible. Thus, the values of A" and A - for 
each input parameter will be the smallest of 1, 2, or 3. Sensitivity analysis is now 
completed in Example 4 by means of the computation of all A + and A“ values 


□ EXAMPLE 4 Sensitivity Analysis 

Compute and interpret all A + and A values for the optimal solution shown in 
Example 2. 


Solution: Start with the right-hand-side values. Again, we notice that slack variables 
and S l? , as well as surplus variable R x , are basic variables in the optimal solution. 
Hence, using the approach shown in Chapter 19, we find that 

AJ x = x A 4 = oo A^ = 1.029 

Aj," 2.472 AJ i3 » 24.504 A* = oo 


The values above imply that we would have the same basis in the optimal solution (i.e., 
the same set of optimal projects will be accepted and the same resources Will still be 
available) as long as each of the following resources takes on values within the respective 
ranges: 


budget 
in year 1 
management 
supervision 
water-purity 
control 


{ 

( 

{ 


upper limit = oo = 50 -f oo 

lower limit = $47,528 = 50 - 2.472 

upper limit = oo = 120 4- oo 

lower limit = 95.496 hr = 120 - 24.504 

upper limit = 11.029 = 10 -f 1.029 

lower limit = — oo — 10 — oo 
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The other two slack variables of interest are the nonbasic variables associated with the 
budget dollars in year 2 (S 2 ) and working capital (S l2 ). Using the approach shown in 
Chapter 19 to compute A + and A - for nonbasic variables: 


< 0 


A = min 


a, j > 0 


we find 


= min | 


0.448819 


2.472441 1 

}! 

0.905512 


24.50394 

-0.063 1 

’ 

-0.803 


-0.039 


-2.46 


= min(7.124,3.079,23.218,9.96) 

=3.079 

0.094488 0.551181 1.029134 \ 


iin| 


0.0394 ’ 0.063 

= min(2.398,8.749,4.678) 
=2.398 


0.220 


Ac = min 

^12 

= 1.997 

^^ 12 = min ( 

= 1.626 


0.094488 


2.472441 


0.551181 


24.50394 

-0.0472 1 

5 

-0.236 


-0.276 


-0.252 


0.448819 0.905512 1.029134' 


0.276 


0.047 


0.135 


Thus, the ranges wherein the optimal basis will remain unchanged are: 

budget in (upper limit = $23,079 = $20 + 3.079 
year 2 \ lower limit = $17.602 = $20 — 2.398 

working (upper limit = $26,997 = $25 + 1.997 
capital \ lower limit = $23,374 = $25 — 1.626 

Again, the ranges above show the possible changes wherein the shadow prices would 
remain valid. For example, we would only be willing to pay the interest cost of 81.9% for 
additional budget dollars in year 2 until we acquired $3,079. Beyond that level the 
problem would have to be completely re-solved, because we would get a new optimal set 
of projects. A similar interpretation can be put on each of the other shadow prices and 

ranges. . 

Finally, we compute A + and A - for each of the objective function coefficients (i.e., 
for the nine projects under consideration). For the rejected projects (i.e., nonbasic 
variables in the optimal solution), the determination is immediate: 

AJ 7 = 6.283 

A* 


At =4.323 


A+ =5.213 


A* =°o 


A. = oo 


00 


These values show that if the objective function coefficient for any rejected project were 
reduced by any amount, the project would still be rejected. Further, the objective function 
coefficients would have to be increased by the amount of their shadow prices to make the 
rejected projects start to become attractive. 
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+ F ° r an Y of the completely accepted projects (i.e., X 3 = 1.00), the computations for 
a and A are again straightforward; 


_ X, X 3 X 4 _ Xg_ 

00 oo oo oo 

^Xj 4.46 2.165 7.693 1.039 


This table shows that the objective function coefficient for any completely accepted 
project j could be increased by any amount or decreased up to the value of the shadow 
price y ; and the project would still be attractive enough to accept. 

The partially accepted projects require computations covered in Chapter 19 to arrive 
at A + and A”: 


A + = min 


a lj < 0 


A = min 


a u > 0 


4.323 


6.283 


5.213 


1.417 

-0.244 

> 

-0.409 

5 

-0.307 

> 

-0.0472 


A7- 


= min(l7.7l7,15.362,16.980,30.02) 

= 15.362 

_0.819 4.46 2.165 7.693 1.039 \ 

V 0.0394 ’ 0.118 ’ 0.0945 ’ 0.110’ 0.165 ) 

= min(20.787,37.797,22.91,69.936,6.297) 

=6.297 


A^ g = min 


0.819 


4.46 | 

2.165 


7.693 


1.039 

-0.063 

> | 

-1.189 ’ 

-1.55 

? j 

-0.976 


-1.46 


= min(l3.000,3.751,1.397,7.882,0.712) 


=0.712 


~min( 4 ' 323 6,283 5,213 1,417 "l 

mm \ 2.59 ’ 3.055 ’ 2.291 ’ 0.276 j 

= min( 1.669,2.05 7,2.275,5.134) 

= 1.669 


Management can now see how sensitive the acceptance of each project is to its objective 
function coefficient. As can be seen, projects 3, 6, and 9 are rather sensitive to downside 
changes in their objective function coefficients. Management may very well take a close 
look at the estimates for cash flows associated with these projects to make sure they are 
realistic in that minor changes could make these projects unattractive. □ 
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In concluding this section on sensitivity analysis, it should be stressed that 
the A + and A" values for the objective function coefficients are critically 
important in that these coefficients may have significant biases because of the 
assumptions of LP and the capital budgeting problem setting. That is, the 
objective function coefficients are arrived at by discounting both cash inflows 
and outflows that are assumed to be known with certainty where the discounting 
is done at a rate that is assumed to be known with certainty. Thus, even small 
percentage changes in these inputs can cause large changes in the objective 
function coefficients, which could easily throw them outside the range wherein 
the optimal set of projects would remain unaffected. These facts have noteworthy 
managerial implications for accuracy in forecasting cash flows, accuracy in 
estimating future costs of capital, optimal project selection, and managerial 
control activities. 


THE DUAL LP FORMULATION FOR THE CAPITAL BUDGETING PROBLEM 

As discussed in Chapter 19, the dual LP formulation has important implica¬ 
tions for the financial manager. Namely, the dual formulation and its optimal 
solution provide valuable information for both planning and control functions in 
the capital budgeting decision process; the solution contributes to both coordina¬ 
tion of activities and motivation of decision-makers in decentralized organiza- 

tions. . , 

The dual formulation of the capital budgeting problem is constructed in the 
same manner, as discussed in Chapter 19. That is, there will be a dual decision 
variable associated with each constraint in the primal problem and there will be 
a constraint equation associated with each project in the primal problem. 
Further, these dual variables will be found in exactly the way that the shadow 
prices in the primal problem were computed (as illustrated in the previous 

section). . . 

The general dual formulation that corresponds to the primal formulation in 

Equations (1), (2), and (3) is: 

t n 

minimize £ p t K,+ Lyj (6) 

/=1 1 

subject to 

Upfiji + Yj^bj 0) 

t= 1 

p, ,Yj>0 t= 1,2,....T; i-1,2,...,AT (8) 

where p,= dual decision variable which represents the cost associated with each 
resource of type t 

y =dua.l decision variable associated with project j which shows the excess 
J of its net present value (bj) over its required use of resources (Cj t ) 
when the latter are “costed out” at the appropriate rate p t for each 
resource t 
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It should be noted that constraint equation (7) is used in rearranged fashion 
to compute the values of the shadow prices jj and jix • in the optimal primal 
solution as shown by Equations ( 4 ) and (5). Of course, this is another illustration 
of our discussion in Chapter 19 concerning the close relationship between the 
primal and dual LP problems and their optimal solutions. 

It is only necessary to solve either the primal or the dual problem because the 
optimal solution for either contains all the information that is in the other. The 
only difference is the economic interpretation that is given the optimal values of 
the variables. The correspondence is interesting and helpful in arriving at a 
complete interpretation and can lend assistance in solving problems more 
efficiently. 


PROGRAMMING AND THE COST OF CAPITAL: A CONTROVERSY 

Before we leave the area of linear programming to look at two interesting 
and powerful extensions (integer programming and goal programming), a 
noteworthy controversy relative to the appropriate LP formulation should be 
mentioned. Weingartner’s 5 pioneering work, which saw him formulate the 
primal and the dual LP capital budgeting problem along the lines that we have 
illustrated above, was not without its detractors. Baumol and Quandt 6 contend 
that the primal problem as formulated by Weingartner runs afoul due to the 
“Hirshleifer paradox.” 7 A simple statement of the paradox is: Under capital 
rationing, the appropriate discount rate to use in determining the net present values 
of projects under consideration cannot be determined until the optimal set of 
projects is determined, so that the size of the capital budget is ascertained as well 
as the sources of the subsequent financing and hence the cost of capital (or the 
appropriate discount rate to use in calculating NPVs). However, the authors of 
the text contend that this is not a paradox at all, but rather a simultaneous 
problem wherein the firm should concurrently determine, through an iterative 
mathematical programming process, both the optimal set of capital projects and the 
optimal financing package , using its associated marginal cost of capital in the discounting 
process . 

Nevertheless, Baumol and Quandt suggest a formulation that maximizes the 
utility of the dollars withdrawn from the firm by the owners for their consump¬ 
tion over the planning horizon. Weingartner 8 counters that this is not an 
operational approach; it assumes that all shareholders have the same linear 
utility preferences for consumption, it requires the assignment of utility values in 
advance of information about withdrawal possibilities, and it makes the period- 
by-period utilities independent of one another. He then proposes a more opera- 

5 Weingartner, Mathematical Programming. 

6 W. J. Baumol and R. E. Quandt, “Investment and Discount Rates Under Capital Rationing—A 
Programming Approach,” The Economic Journal (June 1965), pp. 317-329. 

7 J. Hirshleifer, “On the Theory of Optimal Investment Decisions,” The Journal of Political Economy 
(August 1958), pp. 329-352. 

8 H. Martin Weingartner, “Criteria for Programming Investment Project Selection,” Journal of 
Industrial Economics (November 1966), pp. 65-76. 
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tional model, which maximizes the dividends to be paid in a terminal year, 
where throughout the planning horizon dividends are nondecreasing and can be 
required to achieve a specified annual growth rate. Over the past decade, several 
other authors have jumped into the controversy, each suggesting his own 
reformulation. The interested reader should consult the appropriate references in 
Appendix A. 


SUMMARY 

This chapter examines the application of linear programming to the capital 
rationing problem. The optimal solution indicates the portfolio of projects that 
maximizes NPV. In addition, the optimal tableau provides valuable information 
for financial managers in the form of shadow prices and for the performance of 
sensitivity analysis. Currently, LP is becoming more and more widely used in 
capital budgeting applications even by medium-size and small firms. The 
increasing availability of LP software packages and minicomputers or microcom¬ 
puters should bring about even greater use of the powerful LP model in capital 
investment decisions. 

The following chapter examines two extensions of LP—integer program¬ 
ming and goal programming. These models enable direct incorporation of 
additional practical considerations of the capital rationing problem. 


QUESTIONS/PROBLEMS 


L The LP Company is considering the adoption of 10 projects that require varied budget 
commitments over the next 3 years. In addition, the projects have different manpower, 
managerial supervision, and machine-hour requirements. The table shows the relevant 
data: 


Projects 

NPV 

Manpower 

Requirements 

Management 

Supervision 

Machine 

Hours 


tiuaget 


Year 1 

Year 2 

Year 3 


$10 

5 

1 

50 

$2 

$1 

$3 


20 

2 

1 

20 

3 

2 

4 

*3 

35 

20 

1 

10 

5 

4 

2 

*4 

45 

25 

3 

30 

1 

3 

2 


60 

10 

1 

15 

6 

2 

5 

Xfy 

75 

7 

2 

16 

3 

1 

2 

Xj 

15 

12 

1 

18 

4 

5 

1 

*8 

50 

15 

' 1 

22 

5 

3 

3 

*9 

90 

30 

4 

35 

7 

4 

2 

*10 

55 

3 

1 

45 

2 

1 

1 

Constraints: 

K x < 70 

CO 

VI 

CM 

* 

K 3 < 150 

o 

CM 

: VI 

*5 — 15 

*6^20 
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Formulate this as an LP problem and solve it using the simplex method or a 
packaged LP algorithm. 

2. The Hyperspace Company is evaluating 12 projects which have cash outflow require¬ 
ments and NPV’s as shown in the following table: 


Cash Outflows 


Projects 

NPV 

Year 1 

Year 2 

Year 3 

x, 

$19.31 

$100 

$ 0 

$ o 

x 2 

52.68 

100 

0 

0 

X, 

43.21 

100 

0 

0 

X, 

32.29 

100 

0 

0 

X 5 

57.50 

100 

60 

60 

X* 

112.82 

200 

0 

0 

X 7 

7.30 

150 

0 

0 

Xft 

13.71 

100 

0 

0 

X s 

47.90 

150 

75 

75 

X m 

57.35 

50 

100 

175 

Xu 

204.06 

100 

150 

100 

Xu 

18.26 

0 

100 

,0 

Constraints: 

K x < 1000 

K 2 < 400 

K :i < 300 


Formulate this as an LP problem to maximize NPV and solve it using the simplex 

method or a packaged LP algorithm. 

3. Formulate the Hyperspace Company problem (Problem 2) as an LP to maximize the 

present value of the cash inflows and solve it using the simplex method or a packaged 

LP algorithm. Hyperspace’s cost of capital is 6%. 

4. For the optimal solution to Problem 1: 

(a) Completely interpret the optimal solution by enumerating projects to be accepted 
and rejected, ranking of all projects, and the shadow prices. 

(b) Perform a complete sensitivity analysis. 

5. For the optimal solution to Problem 2: 

(a) Completely interpret the optimal solution by enumerating projects to be accepted 
and rejected, ranking of all projects, and the shadow prices for budget constraints. 

(b) Is the ranking of the accepted projects the same as a simple ranking of the projects 
by their NPV s? If these rankings differ, why do they, and which ranking is more 
relevant? 

(c) Perform a complete sensitivity analysis. 

6. The optimal solution to Problem 3 is shown on the following pages. 

For this optimal solution: 

(a) Completely interpret the optimal solution by enumerating projects to be accepted 
and rejected, ranking of all projects, and the shadow prices for budget constraints. 
(Caution: Be careful in interpreting the shadow prices.) 

(b) Is the ranking of the accepted projects the same as a simple ranking by their 
present value of cash inflows or by their NPV’s? If these rankings differ, why do 
they, and which ranking is more relevant to the Hyperspace Company? 

(c) Perform a complete sensitivity analysis. 
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Optimal Solution 


Variables X, X? X 3 X 4 X 5 X 6 X 7 X 8 


X, n X„ X, 


St S? s? 


0.429 1.0 


0.0067 -0.0019 


1.0 -0.571 
0.0067 0.0019 


Objective 

function 


92.625 


1.04b7 1.7467 






IWulripERiod ANAlysis 


UNdER Coi\diTiONS of CERTAilMTy: 
Integer ANd GoaI PRoqRAMMiNq 


The previous chapter examines the use of LP (linear programming) to represent 
the capital budgeting problem under capital rationing. This chapter presents two 
powerful extensions of LP that provide financial managers with additional 
flexibility in handling the complexities often encountered in practice. Specifi¬ 
cally, this chapter explores the use of integer programming (IP) and goal 
programming (GP) to determine optimal portfolios of capital projects. 

Parallel to the development in the previous chapter, the present chapter 
guides the reader through the following major stages in using IP and GP models 
for the capital rationing problem: 

Stage 1: Formulate the problem in the correct format by specifying the 
input parameters, the decision variables, the objective function, and all relevant 
constraint equations (including goal constraints in GP). 

Stage 2: Solve the problem by using a computer software package ap¬ 
propriate for the model under study. . 

Stage 3: Completely interpret the economic meaning of the optimal solution 
for management so that effective financial decision making is facilitated. 

Stage 4: Perform a complete sensitivity analysis on the optimal solution so 
that additional insights can be provided to management. 

All four stages are vitally important in order to capitalize on the capabilities o 
the IP and GP models to the fullest extent. The advances in computer technol¬ 
ogy should enable more widespread use of the powerful and flexible models 
examined in this chapter. However, careful financial analysis, correct model 
formulation and interpretation, and overall informed use of the models is 
necessary in order to help prevent meaningless results. 
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INTEGER PROGRAMMING APPLIED 
TO THE CAPITAL BUDGETING PROBLEM 


In his pioneering work, Weingartner also suggested an integer programming 
approach to the capital budgeting problem in addition to the LP models 
discussed above. The main reasons for the use of IP in the capital budgeting 
setting are as follows: & 6 

1. Difficulties imposed by the acceptance of partial projects in LP are 
rejected^ 5 ^ ^ rCqUireS ^ Pr0jeCtS ekher be com Pletely accepted or 

2, All the project interdependencies discussed in Chapter 7 can be formally 
included in the constraints of the IP, while the same is not true for LP due to the 
possibility of accepting partial projects. 

below-* 16 gCneral IP formulation for capital budgeting problem is shown 


N 


maximize NPV = b-X- 
7=1 J J 


a) 


subject to 


N 

E 

>-i 


C^XjKK, 


1,2 


= {0,1} j = 1,2,..., N 


( 2 ) 
(3) 

Notice that the only change in the formulation above compared to the primal 
LP foimulation shown in Equations (1), (2), and (3) in Chapter 20 is that 
Equation (3), which is the zero-one condition of IP, guarantees that each project 

is either completely accepted (Z, = 1 ) or that it is rejected (X = 0 ) 

The second attractive feature of IP mentioned above deserves elaboration 
In using the simple capital budgeting models (NPV, IRR, PI), it i s assumed that 
all the investment projects are independent of each other (i.e., that project cash 
flows are not related to each other and do not influence or change one another if 
various projects are accepted). In using IP, virtually any project dependencies 

can be incorporated into the model by means of the special constraints discussed 
below. 


Project Interrelationships 

The three types of project dependencies defined in Chapter 7—mutually 
exclusive, prerequisite, and complementary projects—can be handled in a 
straightforward manner. Each will be discussed in turn. 

Recall that mutually exclusive projects are defined as a set of projects wherein 
the acceptance of one project in the set precludes the simultaneous acceptance of 
any other project in the set. The existence of such a set of projects is incorporated 
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in an IP model by the following constraint: 


j*J 


where /= set of mutually exclusive projects under consideration 

i e /= that project j is an element of the set of mutually exclusive projects J. 


Note that the constraint states that at most one project from set J can be 
accepted; this means that the firm can choose not to accept any project from set 
J. On the other hand, if it is necessary to select one project from the set, 
constraint (4) would appear as a strict equality. 


E^.-l (5) 

j*J 


Another important application of this constraint is the situation wherein a 
firm is considering the possibility of delaying a project for one or more years. For 
example, consider project X, which has the following characteristics: 


Cash Flows 

Time _ Project X 

0 -$100 

1 + 75 

2 +75 

3 +75 


The NPV of this project at 10% is $86.51. If the firm wants to determine whether 
it is desirable to delay project X either 1 or 2 years, the following two new 
projects, X' and X", respectively, can be defined: 

Cash Flows 


Time 


Project X‘ 


Project X' 


$ 0 

$ o 

loo 

0 

75 

- 100 

75 

+ 75 

75 

+ 75 


+ 75 

il of 

10%) that would 


objective function for projects X' and X", respectively, are $78.bb and ^/l. DU. 
These values differ from the NPV of project X because of the 1- and 2-year 
delays, respectively, in the cash flows, which necessitate multiplying project Xs 
NPV by 1/1.10 to arrive at the NPV for X' and by 1/(1.10) 2 to arrive at the 
NPV for X" Of course, the $100 cash outflow would be shown in the budget 
constraint for year 0 for project X, year 1 for project X', and year 2 for project 
X". Finally, to show that at most one of these three versions of project X can be 
accepted, the following constraint is included in the IP formulation: 

X+X' + X" < 1 
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Prerequisite (or contingent) projects are two or more projects wherein the 
acceptance of one project necessitates the prior acceptance of some other 
project(s). For example, if project A cannot be accepted unless project Z is 
accepted, we would say that project Z is a prerequisite project for acceptance of 
project A; alternatively, we could also say that acceptance of project A is 
contingent upon the acceptance of project Z. Again, the representation of this 
contingency relationship in IP is immediate: 

X A <X Z (6) 

where X A and X z are decision variables denoting projects A and Z. Note in 
Equation (6) that if project A is accepted (i.e., X A = 1), then, necessarily, project 
Z must be accepted also. However, project Z can be accepted on its own and 

Swm A r J J /cf d ' C ° UrSe ’ there are man V Possible variations to constraints 
and (6), as shown in Example 1. 

□ EXAMPLE 1 Project Interrelationship Constraints in IP 

Formulate the appropriate IP constraints for each of the following cases: 

(a) Two projects (6 and 8) are mutually exclusive and a third project (16) is 
contingent upon the acceptance of either project 6 or 8. 

(h) Project 10 cannot be accepted unless both project 7 and project 9 are accepted 

forth™ “* ?7 3 “? 2 ’ 3 ’ 4 ’ 5 ’ at most *•«* can •* accepted 

furthermore, for project 11 to be accepted, at least two projects from the set above must 

undmXn ’ Pr ° jeCt W ‘° bC aCCepted ’ threC pr ° jeCte from the set above ™is?te 
Solution: 

(a.) Two constraints are required to capture the conditions specified; one for the 
mutually exclusive relationship between projects 6 and 8 and the second for the 
contingency relationship between 16 and the two projects above: 

*6 + * 8 <;i 

^16 ^ X 6 + X Q 

tingeicy ° nly ^ C ° nS * raint Similar to E fi uation (6) is required to express this con- 

2 X 10 ^ X 7 + Xg 

We see that the only way project 10 can be accepted is for the constraint above to hold as 

of XXVX* meanS that ^ S ‘ deS WlU 6qUal 2 ’ which necessitates th e acceptance 

(c) Three constraints are necessary to relate these conditions: one for the acceptance 
of at most three projects from the first set, and one each for the contingency between 
projects 11 and 14 and the first set: 

^ +X> + Z 3 -fZ 4 -f Z 5 <3 
2X n < X l -h X 2 + X 3 + X 4 4- X 5 

3xTj 4 < X 1 + X 2 + X 3 + X 4 + X 5 □ 

The final type of project interrelationship is that of complementary Projects 
wherein the acceptance of one project enhances the cash flows of one or more 
other projects. This synergistic effect is reflected in an IP formulation by using 
the strategy outlined below. 5 
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Step 1: Define a new decision variable which represents the acceptance of 

the complementary project. . . 

Step 2: Incorporate the new decision variable for the complementary 
project into the objective function and all relevant constraints. The coefficients 
for the new decision variable in the objective function and the constraints will be 
determined by the facts of the situation at hand (i.e., the magnitude of the cost 
savings and other benefits associated with the acceptance of the combined 

P ^Step 3: Write a constraint similar to Equation (4) for mutually exclusive 
projects that precludes the acceptance of either or both of the individual projects 
and the complementary project. 

A brief illustration will be helpful. Consider that we have two complemen¬ 
tary projects, 7 and 8. Either of these projects can be accepted in isolation. 
However, if both are accepted simultaneously: 

1. The cost will be reduced by, say, 10%. 

2. The net cash inflow will be increased by, for example, 15%. 

To handle the problem, a new project (call it 78) would be constructed 
having a cost equal to 90% of the cost of project 7 plus project 8 and net cash 
inflows equal to 115% of those of project 7 plus project 8. In addition we would 
need the following constraint to preclude acceptance of both projects 7 and 8 as 
well as 78, because the latter is the composite project consisting of the two former 

^ *,.*,+*„*. 

To conclude this section, we turn to a comprehensive example of the 
flexibility of IP in representing the capital budgeting problem. 

□ EXAMPLE 2 Complete IP Formulation 
Consider the following 15 projects: 


Cash Outflows 


Project 

c o 


C -3, 

NPV 

1 

40 

80 

0 

24 

2 

50 

65 

5 

38 

3 

45 

55 

10 

40 

4 

60 

48 

8 

44 

5 

68 

42 

0 

20 

6 

75 

52 

20 

64 

7 

38 

90 

14 

27 

8 

24 

40 

70 

48 

9 

12 

66 

20 

18 

10 

6 

88 

17 

29 

11 

0 

72 

60 

32 

12 

0 

50 

80 

38 

13 

0 

34 

56 

25 

14 

0 

22 

76 

18 

15 

0 

12 

104 

28 

Budget constraints: < $300; 

2C 2j Xj < $540; 

2C 3J Xj < $380 
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The following project interrelationships exist: 

L Of the set of projects 3, 4, and 8, at most two can be accepted. 

2. Projects 5 and 9 are mutually exclusive, but one of the two must be accepted. 
d. Project 6 cannot be accepted unless both projects 1 and 14 are accepted. 

NPV^windrop to^^^ 1 year ~~ the same cash outflows will be required, but the 

5. Projects 2 and 3 and projects 10 and 13 can be combined into complementary or 
composite projects wherein total cash outflows will be reduced by 10% and NPV 
increased by 12% compared to the total of the separate projects. 

*>. At least one of the two composite projects above must be accepted 
Required: 

(a) Define the new decision variables needed for the problem above 

(b) Formulate the problem as an IP. 

Solution: 

. - (a } ,T he required new decision variables, in addition to V, through X,, for the 
original 15 projects described above, are as follows: 

X w is a decision variable to denote the delay of project 1 for 1 year 

X l7 is a decision variable to denote the acceptance of the composite of projects 2 

X m is a decision variable to denote the acceptance of the composite of projects 10 
and 13 

(b) The IP formulation for this problem is as follows: 

Maximize NPV = 


24V, + 38V 2 + 40V 3 + 44 V, 4- 20V 5 
+ 64V 6 4 27V, + 48V b + 18V„ + 29V 10 
+ 32V U + 38 V, 2 + 25V 13 + 18V, 4 + 28V, 5 
+ 22V, 6 + 87.36V,, + 60.48V, 8 

subject to 

40V, + 50V 2 + 45V 3 + 60V 4 + 68V 5 
+ 75V 6 + 38 V, + 24V„ + 12 V 9 + 6V, 0 
+ 85.5 V,, + 5.4 V, 8 , 

80V, + 65V 2 + 55V 3 + 48V 4 + 42 V 5 
+52V 6 + 90V, + 40V 8 + 66V 9 + 88V, 0 
4- 72V„ + 50V, 2 4- 34V, 3 + 22V, 4 + 12V, 5 
4-40V, 6 4 108V„ + 109.8 V, 8 < 

5V 2 + 10V 3 4 8V 4 4 20V 6 4 14V, 

4 70V 8 4 20V 9 4 17V, 0 4 60V,, 4 80V, 2 
4 56V, 3 4 76V, 4 4 104V, 5 4 80V, 6 4 13.5V,, 

4 65.7V, 8 ,, 

V 3 4 V 4 4 V 8 ^ 2 
V 5 4V 9 =1 

2 V 6 ^ V, 4 V, 4 1 either constraint (g) or 
2V 6 S V ]6 4 V, 4 I (h) must be satisfied 


(a) 


(b) 


(c) 


(d) 

( e ) 
(0 

(g) 

(h) 
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x t + x l6 <.i (0 

X.J + X 3 + X xl < 1 (j) 

X l0 + X i3 + Xi S < 1 (k) 

Xn + X^>\ (0 

X, = {0,1} »= 1,2,..., 18 (m) 


A few comments should be made concerning this formulation. In expression (a), the 
objective function, the coefficients for X { -X l6 were given in the problem description, the 
coefficient for X x7 equals 1.12 times (38 + 40), or 87.36, in order to show the 12% increase 
in NPV over the benefits generated by projects 2 and 3 separately. The coefficient tor A 18 
is arrived at in a similar fashion. Equations (b), (c), and (d) are the budget constraints for 
years 1 2, and 3, respectively. The coefficients for projects 1-15 are straightforward; the 
coefficients for X ]6 are those of X ] delayed by 1 year; for X l7 and X l8 the coefficients are 
90% of the sum of the coefficients for the respective pairs of projects. 

Equation (e) shows that no more than two of projects 3, 4, and 8 can be accepted. 
Equation (f) shows that either project 5 or project 9 must be accepted but that both 
cannot be accepted, because they are mutually exclusive; the strict equality sign con yeys 
that one of the two must be accepted (i.e., either X b = 1 or Z 9 =1). Equations (g) and ( ) 
show that for project 6 to be accepted, either project 1 and project 14 must be accepted 
[Equation (g)] or project 1 delayed by 1 year (i.e., project 16) and project 14 must be 
accepted [Equation (h)]; it is assumed here that project 1 delayed by 1 year still satisfies 
the requirement that both project 1 and project 14 are accepted. Notice also that even if 
one of these combinations of projects 1 and 14 is accepted, project 6 can either e 
accepted or rejected because of the < inequality. Further, if desired, equations (g) and (h) 
can be combined to arrive at a single constraint which must be satisfied: 2A 6 < X x + X l4 
+ X 

Equation (i) shows that only one of the two projects 1 or 16 (i.e., project 1 delayed by 
1 year) can be accepted ; if we wanted to force acceptance of one of these two, a strict 
equality would replace the < sign. Equations (j) and (k) convey that with the two 
composite projects, at most one of the individual projects or the composite project can be 
accepted. Equation (1) indicates that either one or both of the composite projects must be 
accepted. Equation (m) states IP’s usual (0,1) requirement. D 


Before this section is concluded, two significant shortcomings of the IP 
methodology must be discussed. 

Clearly, the ability to include the various types of constraints for project 
interrelationships adds to the realism of the problem representation using IP as 
compared to LP (which encounters difficulty handling such constraints). Further¬ 
more, the existence of partial projects in the optimal LP solution raises questions 
about how realistic the problem representation is. However, the question arises 
whether the price that has to be paid in moving to IP is worth the benefits 
gained, considering the difference in solution time and the lack of meaningful 
shadow prices in IP compared to LP. 

As mentioned earlier, the seemingly innocent change in the IP formulation 
has a significant impact on the time it takes to solve the problem. For example, 
Pettway reported in his 1972 study on an IP formulation with 15 budget 
constraints and 28 projects that four of the six solution algorithms he tested failed 
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to arrive at the optimal solution in 5 minutes of CPU time on an IBM 360-65; 
the two algorithms that did locate the optimal solution took 118 seconds and 181 
seconds. The solution time on the same problem formulated as an LP would be 
on the order of 1 to 2 seconds. Furthermore, the solution time for IP problems 
grows exponentially with the number of projects, owing to the combinatorial 
nature of the problem. One baffling aspect of IP solution times is their variabil- 
ity. Often, smaller problems (in terms of number of constraints and number of 
decision variables) can take longer to solve than larger problems. Further, very 
minor changes in the problem (even with the same number of constraints and 
decision variables) can significantly increase solution times. No single solution 
approach works best on all types of IP problems. However, given this somewhat 
bleak picture, Geoffrion and Nauss cite progress that is being made on several 
fronts in developing more efficient solution algorithms. 2 

The second shortcoming of IP formulations and solutions is perhaps more 
devastating: meaningful shadow prices (which show the marginal change in the 
value of the objective function for an incremental change in the right-hand sides 
of various constraints) are not available in IP. That is, many of the constraints 
on IP problems that are not binding on the optimal integer solution will be 
assigned shadow prices of zero, which indicates that these resources are “free 
goods. 5 ’ In reality, this is not true since the objective function wpuld clearly 
decrease if the availability of such resources were decreased. Furthermore 
Baumol, who was one of the pioneers in the area of dual variables in IP (see his 
article with Gomory 3 ), summarizes the problem of shadow prices in IP quite 
well: 


However, we must be careful here—the preceding interpretation amounts to 
our thinking of these dual prices as the marginal revenue of these inputs. In the 
integer programming case, this concept runs into difficulties. In integer pro¬ 
gramming, inputs clearly must be thought of as coming in indivisible units. For 
that reason we cannot speak, e.g., of the marginal profit contribution of a small 
change in input, i.e., we must deal with AR/AX rather than dR/dX (as we do 
in LP) where AT is an indivisible unit of input X and R is total profit. But a 
dual price represents dR/dX, which may change over the range of a unit change 
in X, and hence it may well give an incorrect evaluation of the marginal revenue of 
input X [emphasis added]. 4 

Thus, the IP model, in trying to handle the problem of indivisibilities, runs into 
problems itself because the feasible region consists only of points that have 
integer values for all decision variables. This same problem of “gaps in the 


’Richard H Pettway, “Integer Programming in Capital Budgeting: A Note on Computational 
^Experience, Journal of Financial and Quantitative Analysis (September 1973), pp. 665-672. 

A. M. Geoffrion and R. Nauss, “Parametric and Post-Optimality Analysis in Integer Linear 
3 Programming,” Management Science (January 1977), pp. 453-466. 

1960) pp™° 2 Y-550 W ’ ^ BaUmo1, “ Integer Pr °g ramm ing and Pricing,” Econometric^ (September 

4 W. J. Baumol, Economic Theory and Operations Analysis, 2nd ed. (Englewood Cliffs, N. J.: Prentice-Hall 
Inr._ 1 nn 1 1 ££ ^ ? 


338 


Part VI: Mathematical Programming and Multiperiod Analysis 


feasible region” is the culprit in creating both of the problems cited above: 
computer time required to solve IP problems and difficulties in interpreting the 
shadow prices in IP. On the brighter side of things, Geoffhon and Nauss cite 
progress also on this latter problem area in their exceptional paper on paramet- 
ric and postoptimality analysis in IP. 5 

This concludes our discussion of IP. We now turn to goal programming, 
which is another powerful extension of LP in handling the capital budgeting 
problem. 


GOAL PROGRAMMING APPLIED TO THE CAPITAL 
BUDGETING PROBLEM 6 7 

Throughout the text, we point out that the primary goal of financial 
management is the maximization of shareholders’ wealth. Given the ever-present 
complexities, this is a rather tall order, since it is not always obvious how’ to 
maximize shareholders’ wealth in an operational manner. Thus, it seems logical 
that progress toward this global goal will be facilitated if it is disaggregated into 
various subgoals; the rationale being that as the subgoals are achieved, definite 
strides will be made in the direction of shareholder wealth maximization. It was 
demonstrated in Chapter 7 that under conditions of certainty and perfect capital 
markets, the selection of the set of capital projects that maximizes NPV will 
guarantee maximization of shareholders’ wealth or utility. 

However, if capital market imperfections exist (such as capital rationing, 
differences in lending and borrowing rates, and so on), then the maximization of 
NPV may very well not lead to the maximization of shareholders’ wealth. In 
addition, observation plus empirical studies have demonstrated that investors 
and managers are interested in and motivated by several objectives T e 
following are representative of the more significant: growth and stability ol 
earnings and dividends per share; growth in sales, market share and total assets; 
growth and stability of reported earnings or accounting profit (as argued by the 
Lerner and Rappaport article 8 ); favorable use of financial leverage; diversifica¬ 
tion to reduce variability in earnings; and return on sales, equity, and operating 
assets. Thus, only a model that incorporates multiple criteria or objectives can be 
a robust, yet operational, representation of the pluralistic decision environment 
found in real-world capital budgeting problem setting. Goal programming (GP) 
is such a multi-criteria model, in that it allows the establishment of a hierarchy 
of multiple objectives with diverse penalties associated with deviations from 
different goals. A brief survey of GP is presented prior to its application to the 
capital budgeting problem. 


5 GeofFrion and Nauss, “Parametric and Post-Optimality Analysis’’ 

6 This section draws on the paper by A. Fourcans and T. J. Hindelang, “The Incorporation of 
Multiple Goals in the Selection of Capital Investments,” presented at the 1973 Financial Manage¬ 
ment Association Convention, Atlanta, Ga., October 1973. , 

7 See also I. Fisher, The Theory of Interest (New York: Macmillan Publishing Co., Inc, 1930), and 
Hirshleifer, “On the Theory of Optimal Investment Decisions,” The Journal of Political Economy 

(August, 1958), pp. 329-352. D 

8 E. M. Lerner and A. Rappaport, “Limit DCF in Capital Budgeting,” Harvard Business Review, 

(September-October 1968), pp. 133-138. See also Chapter 7, pp. 99-103. 
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Goal programming (GP) was originally proposed in 1961 by Charnes and 
Cooper The technique has been expanded and popularized by the more recent 
works of Ijiri, Lee, and Ignizio. 12 The approach is an extension of linear 
programming (LP) wherein the usual “unidimensional” objective function (i.e., 
the optimization of a single measure of effectiveness) is transformed into a 
multidimensional” criterion (i.e., the deviations from several goals are mini¬ 
mized according to a priority ranking scheme). The priority structure specifies a 
hierarchy of multiple goals wherein the highest-order goals are strived for first. 
Only after the optimal level of priority 1 goals has been achieved will priority 2 
goals be considered, and so on. In addition, the relative importance of two or 
more goals at any priority level is shown by the weights assigned to each. The 
model is flexible enough to handle conflicting objectives, situations wherein only 
underachievement or overachievement of a goal is penalized, and conditions 
where the decision-maker seeks to come as close as possible to a desired target. 
Thus, GP offers an operational method of approximating a decision-maker’s 
utility curve that does not require the derivation of a family of utility functions 
in a multidimensional space. GP requires the assignment of ordinal priorities to 
the respective goals with relative weights required by any goals placed on the 
same priority level. The optimal trade-off among goals on the same Or different 
priority levels can be established through various interactive approaches or 
through sensitivity analysis, which is discussed below. 13 

In formulating decision problems using the goal programming format, three 
major components are required: 

usua * economic constraints of LP, which are also called hard constraints , 
in that they cannot be violated since they represent resource limitations or 
restrictions imposed by the decision environment. 

2. The goal constraints , which are also called soft constraints because they 
represent managerial policies and desired levels of various objectives which are 
being sought by the decision-maker. 

3. The objective function, which minimizes the weighted deviations from the 
desired levels of the various objectives according to a specified priority ranking. 

Each of these components deserves elaboration. The economic constraints in 
GP are exactly like the constraints in LP problems. Thus, such constraints still 
require the usual slack or surplus variables. On the other hand, goal constraints 
are most conveniently specified as strict equalities that contain two deviational 
variables , represented as df and d i , which indicate that the desired level of goal ? 
is either overachieved or underachieved, respectively. Of course, one bf the two 


9 A Charnes and W. W. Cooper, Management Models and Industrial Applications of Linear Programming 
Vols. I and II (New York: John Wiley & Sons, Inc., 1961). ’ 

1965^’ Management 00(115 and Accountin i f or c °ntrol (Amsterdam: North-Holland Publishing Co., 

j‘S. M. Lee, Goal Programming for Decision Analysis (Philadelphia: Auerbach Publishing Co., 1972) 

)3 J. P. Igmzio, Goal Programming and Extensions (Lexington, Mass.: Lexington Books, 1976).’ 

U In a e r a -^ tive C°al Programming,” Monogement Science, 19, no. 1 (September 1972), 
d ui » W Dyer ’ A J ime ' Shanng Computer Program for the Solution of the Multiple Criteria 
Problem^ Management Science, 19, no. 12 (August 1973), 1379-1383; and A. Geoffrion, J. S. Dyer 
andA.Femberg, “An Interactive Approach for Multi-Criterion Optimization with an Application 

Q° lh Lo Peratl ° n of an Academic Department,” Management Science, 19, no. 3 (November 1972) 
357—368. 
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deviational variables will always be zero and the other will equal the magnitude 
of the deviation from the desired goal level; if the desired goal level is exactly 
met, both deviational variables will equal zero. The deviational variables are the 
mechanism that is used to tie the goal constraints into the objective function. 
That is, for each goal the appropriate deviational variable(s) is (are) placed in 
the objective function, depending upon the desired action for that goal. For 
example, if it is desired to achieve a minimum level of net income, the only 
deviational variable required in the objective function is d~\ on the other hand, 
if the decision-maker does not want to exceed a cost goal, the only deviational 
variable required in the objective function is d + , since only exceeding the cost 
goal should be penalized. 

More-complex actions relative to goals require the use of both deviational 
variables. If the decision-maker wants to come as close as possible to some goal 
level, then both overachieving and undershooting the goal is penalized; hence, 
the objective function term is minimize (d + + d~). If the decision-maker desires 
to maximize net income and has established an achievable minimum level of net 
income as referred to above, the maximization is carried out in two steps—first 
achieving the minimum level and then overshooting the minimum by the 
greatest possible amount; hence, the objective function term is minimize (d — 
d + ); it should be noted that we want to maximize d + but recall that the overall 
objective function is being minimized, which means that we minimize —d to 
obtain the same result. Finally, if the decision-maker wants to minimize the cost 
referred to above and has established a maximum level, the appropriate objec¬ 
tive function term is minimize (d + — d ) using the same logic traced out for the 
maximization case. This discussion is summarized in Table 21-1 for convenient 
reference. 

To formally represent the objective function in a GP problem, the following 
three aspects must be specified: 

1. The priority level that the goal is placed on, which indicates the ordinal 
ranking scheme whereby the goals will be optimized. 

2. The relative weight assigned to each goal when there are two or more goals 
on the same priority level; this weighting indicates the relative importance of the 

goals* . 

3. The relevant deviational variable(s), which should be penalized with respect 
to each goal and is dependent upon the desired action as just discussed. 

The priority level is shown by P if where the subscript i designates the 
level—the smaller the value of i, the more important is the goal. Further, it 
should be noted that there is an absolute dominance among the priority levels; that 


TABLE 21 -1 Appropriate Objective Function Terms in Goal Programming 


Desired Action _ 

Achieve a minimum level of some goal 
Do not exceed a specified level of some goal 
Come as close as possible to a specified goal level 
Maximize the value achieved relative to a given goal level 
Minimize the value achieved relative to a given goal level 


Objective Function Term 

minimize d ~ 
minimize d + 
minimize (d + 4- d ) 
minimize (d ~ — d + ) 
minimize (d + — d ~) 
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is, priority 2 will be considered only after all the goals on priority 1 are 
optimized and nothing on priority 2 can act to the detriment of the goals on 
priority 1, and similarly for all lower-priority levels. The relative Weights are 
shown as coefficients of the various goals, with the higher weights representing 
the more important goals. ^ g 

Goal programming formulations can be used to optimize over a planning 
horizon consisting of many time periods. Goals can be established for the entire 
horizon or for various subperiods within the horizon. GP can handle determinis¬ 
tic or stochastic problem settings. The GP model discussed in this chapter is a 
multiperiod goal program where conditions of certainty are assumed. 

t should be mentioned that GP models in their fullest context should be 
viewed as an Herat,ve process A set of priorities and relative weights are assigned 
to the various goals and the optimal solution is obtained. Next, based on the 
degree of consensus of the original priorities and weights as well as to gain insight 
into trade-offs among goals, a sensitivity analysis should be performed to see the 

S tha * V 7 in S. P™ rities and . wei § hts on the optimal values of decision 
variables. The less significant the impact on the decision variables, the less effort 
management has to expend in arriving at a consensus to specify the precise 
priority structure. Using the sensitivity information, the trade-off question can 

also be addressed based on management perceptions, risk posture, and prefer- 
cnccs* 

GP models are solved in the same fashion as LP models. Very simple 
problems with on y two decision variables can be solved by a graphical proce- 
ure. More complex problems can be solved using the simplex method of GP 14 
or, more preferably, using computerized algorithms. 15 The solution of GP 
prob ems can be visualized as follows. The original feasible region of the 

vi^la ^H Th b ? un , ded by the ec ° n °mic (hard) constraints, which cannot be 
violated. The highest-pnonty goal(s) is (are) examined first; we try to drive the 
appropriate deviational variables for all priority 1 goals to zero 

nrioJtv9 r “ Ul , tS ™ size ° f the feasible re S ion * we move on to 

priority 2 goals. Thus, each lower-pnonty level will have a successively smaller 

^ aS ' b f e , reg ' 0n m as ™ uch as a "V P° rtion of the region previously eliminated 
cannot be reexamined, owing to the absolute dominance relationship of higher 
prjonty levels over all successively lower priority levels. As we move from one 
priority level to the next lower one, the relevant feasible region can be a region a 
plane, a line, or a single point in n-dimensional space, where n is the number of 
decision variables m the problem. Of course, the priority structure assigned to 
he goals will determine the order in which various regions will be cut off from 
the feasible region, and hence the optimal solution can differ significantly as 
different priority structures are utilized (including relative weights) for any given 
prob em. This is why we stressed the importance of the iterative approach to GP 
problems through sensitivity analysis. Of course, once the feasible solution 
consists of only a single point, there is no way that we can move from that point 
on any lower priority level; thus, it must be the optimal solution. For this reason 
it is recommended that high-priority goals be stated as achieving minimum levels of 

, 4 p^ll’/PK Ch t a P- 5 > S- M - Lee - Linear Optimization for Management (New York- 

5 ’ and 6 ’ Where F ° RTRAN 
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various goals or not exceeding a maximum level, rather than to maximize or 
minimize, because the latter alternatives will drive the decision-maker to a single 
point in the feasible region. Maximization or minimization operations can be 
carried out on low priority levels once all other relevant goals have been 

achieved. . . , , 

We now illustrate the formulation and graphical solution ol a simple 

two-project capital budgeting problem using a GP model. 


□ EXAMPLE 3 Two-Project GP Formulation 

Consider that a firm is evaluating two projects with the following characteristics: 


Project 


1 

2 


Economic Constr aints _ 

Cash Outflow Cash Outflow Management 
Year 1 Year2 _ Supervision 

25 20 5 

40 15 16 


Manageri al Goals _ 

Net Income Net Income Net Income 
NPV Year 1 Year 2 _ Year 3 

~L4 10 n 12 

60 4 7 11 


Amount 

available 30 20_ 10 units 


Desired 

goals levels 


Maximum 6 


8 10 


This firm has a strict limitation on the funds that can be utilized for capital 
expenditures in years 1 and 2, as well as on the amount of time available for the 
management supervision of new projects (the amount of each of these resources available 
is shown above); hence, there are three economic or hard constraints. Furthermore, 
partial projects can be accepted, but only one complete project of each type is available; 
cash outflows occur at the beginning of the period, while the subsequent cash inflows that 
generate net income cannot be used to finance the current year’s or any later year s cash 
outflows. Four managerial goals have been established: to achieve minimum levels of net 
income in the first 3 years of the asset’s life and to maximize NPV over the entire useful 
life of the asset. Management has assigned the net income goals in years 1, 2, and 3 to 
priority levels 1, 2, and 3, respectively, and the NPV goal to priority 4. 

Formulate this problem as a GP and solve it using the graphical method. 

Solution: First, the problem is formulated as a GP. The objective function shown 
below will be optimized subject to the economic and goal constraints shown first: 

Economic constraints: 


2bX l + 40* 2 < 30 
20 *! + 15*2 < 20 
5*! + 16* 2 < 10 
* t < 1 
* 2 < 1 

X t1 dj,dj- >0 *= l,2;j = 1,2,3,4 

for all* 


budget in year 1 
budget in year 2 
management supervision 
upper limits on 
project acceptance 
nonnegativity 
absolute dominance 
between priority levels 


Goal constraints: 

10*! + 4* 2 + 4 - 4 = 6 

11*! + 7*2 + 4 ~4 = 8 
12*1 + 11* 2 4- d 3 - 4 = 10 
14*1 + 60*2 + 4 - 4 = 10 


net income year 1 
net income year 2 
net income year 3 
NPV 


Objective function: 

Minimum weighted deviations = P { d { ~ 4- P 2 d 2 + P$d 3 


+ pM:-dt) 
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Note in this formulation that the goal level for the NPV goal (i.e., 101 was selected 
imply because it is mi achievable value for the NPV of accepted projects given the 
conomic constraints Recall that the firm wants to maximize NPV. Further as discussed 

JTI'S GP ^ fim aChieVing 3 SiVCn g0a ‘ leVd *“ ovemchtTug it 

reneJ he ,- Pr °n 1 T at> ° Ve “ S ° lved usin S the method by drawing the lines 

Sho™ g econ °™c constraints; these boundaries form the initial feasible region 



(a) Priority 1; 
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(b) Priority 2: 



(c) Priority 3: 



Notice that we have the same feasible region at the end of priority 3 as we had at the 
end of priority 2, since goal 3 is dominated by goal 2. 
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value'of $i n o 0 anH 4 th^ ere ^ max ™ izcNPV b V first g^phing goal 4, which has an NPV 
value of $10 and then moving as far above the line for the NPV goal as possible which 
leads to the optimal solution of X { =0.415 and X 9 = 0.49, P ’ 



As can be seen, the GP optimal solution generates a net income level in year 1 that is 
2.4 times that generated by the optimal LP solution. In years 2 and 3, the optimal GP 
soiutmn generates net income levels that are 1.8 and 1.5 times the respective net income 
levels for the optimal LP solution. The price paid for the achievement of these three 
short-run goals is 2.29 units of NPV. Most financial managers would be willing to 
sacrifice such a small amount of long-run profitability to achieve the more stable and 
consistent short-run growth m profitability provided by the GP optimal solution. These 
results demonstrate the power of a multiobjective model such as GP. □ 


Our next illustration of the use of GP in the capital budgeting setting will 
show how sensitivity analysis provides valuable information for management in 
addressing issues concerning trade-offs among their goals. In order to also be 



346 Part VI: Mathematical Programming and Multiperiod Analysis 

able to compare the results obtained here with the LP solution, we refer back to 
the Lorie-Savage problem shown in Example 1, Chapter 20. 


□ EXAMPLE 4 CP Formulation and Solution of the Lorie-Savage Problem 

The same firm that was evaluating the nine projects under the conditions described 
in Example 1, Chapter 20, now feels that the NPV objective should be supplemented with 
four other goals which reflect the short-run attractiveness of the projects. Specifically, the 
firm feels that stability and growth in sales as well as net mcome are very important 
vehicles to assist the firm in maximizing shareholders’ wealth. 

The table shows the contribution that each of the projects will make to net income 

and sales growth in the next 2 years. 


Project 

1 

2 

3 

4 

5 

6 

7 

8 

9 


Net Income 

Sales Growth 

Year 1 

Year 2 

Year 1 

Year 2 

2.0 

4 

0.02 

0.03 

2.0 

4.2 

0.01 

0.03 

1.6 

2.5 

0.02 

0.02 

1.2 

2.8 

0.01 

0.02 

3.0 

5.0 

0.03 

0.04 

1.1 

1.4 

0.01 

0.01 

1.5 

3.0 

0.01 

0.02 

1.2 

1.8 

0.01 

0.015 

1.3 

2.4 

0.01 

0.018 


The firm wants to achieve net income levels of 8 and 16, respectively, in years 1 and 2, 
and sales growth of 0.08 in each year, as well as to maximize NPV. 

(a) Besides the information just presented, use the basic data on the nine projects 
from Example 1 to formulate all the economic and goal constraints for this problem. 

(b) The firm is interested in evaluating two objective functions in order to determine 
the impact on the optimal set of projects: 


1. Placing the net income goals on priority 1, the sales goals on priority 2, and the 
NPV goal on priority 3; on the first two priority levels the year 1 goals should be 

weighted twice as importantly as the year 2 goals. cine 

2. All five goals placed on priority level 1 but with relative weights of 10 for net 
income in year 1, 2 for net income in year 2, 5 for sales growth in year 1, and 2 for sales 
growth in year 2, and 1 for NPV. 


Formulate these two objective functions. 

(c) After setting the target levels for net income and sales growth mentioned above, 
the firm feels it may be overoptimistic. Thus, the levels are revised to 7 and 12 in years 1 
and 2, respectively, for net income and 0.07 in each year for sales growth. How will this 

affect the formulation in part (a)? , . , , . . , . u 

(d) If a computerized GP algorithm is available, obtain the optimal solutions for the 
two objective functions in part (b) and for the changes in the target levels mentioned in 
part (c). Briefly discuss differences in the optimal sets of projects. If a computerized 
algorithm is not available using the optimal solutions shown, briefly discuss the differences 
in the optimal sets of projects. 

16 A similar type of analysis was performed by G. A. Hawkins and R. A Adams “A Goal 
Programming Model for Capital Budgeting,” Financial Management (Spring 1974), pp. 5^-b/. 
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Solution: 

(a) The GP formulation is as follows: 
Economic constraints: 

12X X + 54X 2 + 6X 3 + 6 X 4 + 30X 5 
+ ex 6 4- 48X 7 + 36X 8 + 1 8X 9 + S. 

3Xi + 7X 2 + 6 X 3 + 2X 4 + 35X 5 


+ 6 X 6 + 4X 7 + 3X 8 + 3X 9 + X 


X x + S 3 = 1 

x 2 + s 4 = 1 

*3 +£> = 1 


*4+^=1 

*5 +^ 7=1 
^6 + $8 = 1 


X 7 4- S 9 = 1 \ 
Xq + ^10 = 1 1 
X 9 + ^11 = 1 I 


X^S 3 dt,dP >0 


j= 1,2, 
*'“ 1 , 2 , 
h = 1 , 2 , 

P, » /V 


for all k 


Goal constraints: 

2Z, + 2X 2 + 1.6X 3 + 1.2X 4 + 3X 5 + 1.1X 6 
+ 1 . 5 X 7 + 1.2X 8 + 1,3X 9 4- d x — dt — 8 
4X x + 4.2X 2 4- 2 . 5 X 3 + 2.8X 4 + 5X 5 + 1.4X fi 
+ 3X 7 + 1 . 8 X g + 2.4X 9 + d 2 - 'd+ = 16 
0-02 X, + 0.01X 2 + 0.02Xo + 0.01X 4 + 0.03X, + 0.01X, 


budget constraint year 1 

budget constraint year 2 

upper limits on 
project acceptance 


nonnegativity constraint 

absolute dominance 
between priority 
levels 


net income year 1 
net income year 2 
sales growth year 1 
sales growth year 2 


0.03at, td°o$ 2 ?c^ saIes growth ^ 1 

sales g rowth year 2 

+ 14X 7 4- 10X 8 + 12X 9 4- d 5 -dj=40 NPV 

Notice agai n that the goal level for the NPV goal is an arbitrary achievable value 

(b) lhe two objective functions are as follows: 

/. Minimize weighted deviations == P,(2rff + d 2 ) + P 2 (2df + d~) + p 3 (j ~ - f ) 
2. Minimize weighted deviations == P,(10</f + 2 d 2 + 5 df + 2 rf 4 ~ + df-df) 

(c) The only changes that will be necessitated by the desired changes in the tarret 

goal levels is that the right-hand sides of goals one through four become 7 , 12 , 0 07 and 
0.07, respectively. ’ ' ’ 

(d) The optimal solutions for the two objective functions and the two different sets of 
goal levels are shown below: 

Objective function 1 and goal values of 8 , 16, 0.08, and 0.08: 


Project 

Acceptance 

~Xj = 1.0000 
X 2 = 0.0426 
X 3 = 1.0000 
X 4 = 1 .0000 
X 3 = 0.0000 
X 6 = 0.9504 
X 7 = 0.0000 
X 8 = 0.0000 
X q = 1.0000 


Goal Levels 
Achieved 

7.231 


0.0699 


0.0988 


Net income year 1 
Net income year 2 
Sales growth year 1 
Sales growth year 2 


70.129 


NPV 
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Objective function 2 and goal values 8 , 16, 0.08, and 0.08: 


Project 

Goal Levels 


Acceptance 

Achieved 


X x = 1.0000 

7.235 

Net income year 1 

X 2 = 0.0000 

X 3 = 1.0000 

13.194 

Net income year 2 

X 4 = 1.0000 

V 5 = 0.0000 

0.0702 

Sales growth year 1 

X 6 = 0.9697 

X 7 = 0.0455 

0.0986 

Sales growth year 2 

Z 8 = 0.0000 

X 9 = 1.0000 

70.273 

NPV 

Objective function 1 and goal values 7, 12, 0.07, and 0.07: 

Project 

Goal Levels 


Acceptance 

Achieved 


X x = 1.0000 

7.252 

Net income year 1 

X 2 = 0.0000 

X 3 = 1.0000 

13.215 

Net income year 2 

X 4 = 1.0000 

Z 5 = 0.0000 

0.0703 

Sales growth year 1 

Z 6 = 0.9858 

X 7 = 0.0451 

0.0988 

Sales growth year 2 

Z 8 = 0.0000 

Z 9 = 1.0000 

70.273 

NPV 

Objective function 2 and goal values 7, 12, 0.07, and 0.07: 

Project 

Goal Levels 


Acceptance 

Achieved 


X x = 1.0000 

7.252 

Net income year 1 

X 2 = 0.0000 

X 3 = 1.0000 

13.215 

Net income year 2 

X 4 = 1.0000 

X 5 = 0.0000 

0.0703 

Sales growth year 1 

Z 6 = 0.9858 

X 7 = 0.0451 

0.0988 

Sales growth year 2 

X 8 = 0.0000 

Z 9 = 1.0000 

70.273 

NPV 


The optimal solutions above were obtained using the GP algorithm from Ignizio. 

As will be recalled, the optimal LP solution showed 100% acceptance of projects 1, 3, 
4 , and 9 as well as 97% acceptance of project 6 and 4.5% acceptance of project 7, which 
generated an NPV level of 70.273. All of the GP solutions above also accept 100% of 
projects 1, 3, 4, and 9. The only difference among the solutions is in the area of the 
partially accepted projects. With the original goal levels and priority structure, we find 
that projects 2 and 6 were partially accepted. Project 2 enters into the solution because of 
its contribution to the achievement of the new goals in the GP formulation. The other 
three GP solutions are virtually the same as the LP optimal solution. Greater variation in 

17 Ignizio, Goal Programming. 
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the optimal solutions would probably have been found if more projects were under 
evaluation and/or a greater diversity of goals were included in the formulation. □ 


Our final illustration is a GP model; it is a global capital investment model 
that considers both replacement alternatives and new investment projects wherein 
multiple goals are sought after and conditions of capital rationing exist. The 
model is comprehensive in that it integrates the capital investment, financing, 
and dividend decisions of firms into a single optimization approach. New 
financing for the firm, which can take the form of either debt or equity, is 
incorporated into the model. In addition, cash inflows generated during the 
planning horizon by projects that are accepted as well as replacements that are 
made are taken into consideration. This comprehensive GP formulation and the 
accompanying example represent a more-typical capital investment problem 
faced by medium-sized firms. The GP model and existing computerized algo¬ 
rithms can easily handle such awesome-looking problems. 


A COMPREHENSIVE GP MODEL 
The Goals 

The GP model illustrated below includes six goals which are of significant 
importance to firms in evaluating the selection of new capital projects, the 
optimal timing of equipment replacements, and the best way to finance such 
capital commitments: 

/. Attainment of a minimum yearly level of net income generated by the 
new investments (both new projects and replacements). 

2. Achievement of a minimum desired annual growth in the productivity of 
operating assets (both for new projects and equipment replacement decisions). 

3. Achievement of a minimum desired level of earnings per dollar of 
stockholder’s equity each year (a surrogate goal for earnings per share). 

4. Minimization of the deviation from a financial leverage goal at the end 
of the planning horizon. 

5. Attainment of a minimum desired growth rate in total assets over the 
planning horizon. 

6. Maximization of the net present value of accepted projects given the 
budget constraints and that the goals above are satisfied as far as possible. 

Other goals could be added to the list, but it is felt that these six represent 
the most important criteria that firms use in evaluating new capital investment 
and replacement decisions. 

Table 21-2 gives the mathematical representation of the six goals men¬ 
tioned above, using the symbols defined in Table 21-3. A brief rationale will 
now be presented for the inclusion of each of the goals in the model. 

The net-income goal was included in the model because both investors and 
managers have an objective of stable and steadily rising earnings. Such earnings 
are achieved only through judicious capital investments and equipment-replace- 
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TABLE 21 -2 Goal Constraints of the Model 

Net income: e- + £ a ij^ij + X - (1 - t)Ij ~ d\ 3 + d Xj = p 3 

i €= i<=n 2 

7=1,2,...,r 

T T 

Productivity : £ ^^7 + 12 X) 2 + d/ = U 

j— 1 »'S« 1 7= 1 * g «2 

Earnings/dollar equity: e 3 + 52 0 , 7^0 + X ^^7 ” (1 “ O^j “ <7 J ^0 + 1L E k\ 
i<= ni i^n 2 \ k=\ j 

-dh + d,-= 0 7 = 1 , 2 ,. ..,r 

T T T T T 

Leverage: E 0 4- 52 E j + X ^ + X X fl u^ 7 + X X “v Y u~ X (1 “ 0 ^ 

7— 1 7~ 1 7=1 7=1 i^n 2 J — l 

r r _ 

Growth rate in assets: 52 X + X X EE lj Y ij — — ^5 + 7 5 =0 

7=1 !£«! 7= 1 * Gn 2 

^ 1 

Net present value: 52 X -“(^ 7^7 “ ^ 7^7 + ^r) 

7 = 0 i'en, (1 4- £) 

+ E E - C.A- + «7) - 4 + rfe- “ 0 

j = 0 i'en 2 (1 + h) 

ment decisions over time. Thus, this goal for each year of the planning horizon 
can be summarized as follows: 

Net Income Net Income Net Income After-tax Management’s 
from on-going + generated by + generated by — interest = net income 
operations new investment equipment cost goal each year 

projects replacement 

projects 

Productivity increases over the planning horizon are another relevant area 
of concern in making new capital commitments, especially equipment-replace¬ 
ment decisions. Hence, how attractive a particular capital investment is can be 
measured in part by how much it increases productivity compared with current 
operations. The goal of achieving the minimum productivity increase established 
by management merely adds together the productivity growth per dollar in¬ 
vested in equipment replacements and new capital projects. 

Earnings per share is one of the most closely watched statistics by investors 
and managers. Of course, this figure is based directly upon the level of net 
income (discussed in the first goal above) but also implicitly reflects the way that 
new capital investments (both new projects and equipment replacements) are 
financed (debt versus equity) and the dividend policy utilized by the firm. Thus, 
the next two goals—earnings per dollar of equity and leverage—incorporate two 
important dimensions used to judge how well a firm is doing in its profitability 
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TABLE 21 -3 Glossary of Symbols in Alphabetical Order 

;4 0 = book value of total operating assets at time zero 
a tJ = net income generated by project i in year ; 

a {j = net income generated by the replacement of machine i in period j 
b i - = net cash inflow generated by project i in year j 
b (j — net cash inflow generated by replacement of machine i in period j 
B\{J=bock value in year T of project i acquired in year j 
BV^j = book value in year T of replacement of machine i in period j 
C t ; = cash outflow required for project i in year j 
C t j = cash outflow required to replace machine i in period j 
Z> 0 = dollar amount of long-term debt outstanding at time zero 
Dj = dollar amount of long-term debt acquired during year j 

D* = upper limit of the dollar amount of debt funds that can be acquired in year j 
E 0 = dollar amount of equity outstanding at time zero 
Ej = dollar amount of equity acquired during year j 

E* = upper limit of the dollar amount of equity funds that can be acquired in year j 
^ = dollar amount of net income generated by ongoing operations in year j 
g ~ desired growth rate in assets over the planning horizon 
I 0 = dollar amount of interest paid on long-term debt outstanding in year zero 
Ij = dollar amount of interest paid on long-term debt outstanding in year j 
ij = percent interest rate paid on long-term debt in year j 
k = firm’s cost of capital to be used in discounting cash flows 
n j = class of accepted projects in year j 
/2 2 = class of machine replacements undertaken in year ; 

n* = class of accepted projects that have cash flows beyond the end of the planning 
horizon T 

n * = class of machine replacements that have cash flows beyond the end of the planning 
horizon T 

j& =net income gbal in yearj 
^ = earnings per dollar of equity goal in year j 

r t = productivity growth per dollar invested achieved by accepting project i in year j 
fij = productivity growth per dollar invested achieved by replacing machine i in year j 
S — leverage goal to be achieved by the end of the planning horizon 
t — corporate tax rate 

£/= productivity growth goal to be achieved by the end of the planning horizon 
V = percent of dividends per dollar of equity to be paid in year j 
X x ] = decision variable representing project i in period j 
Y { j = decision variable representing the replacement of machine i in period ; 
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endeavors and its search for an optimal capital structure. The earnings per 
dollar of equity goal (which is a surrogate for earnings per share) adds net 
income of ongoing operations to the net income generated by new capital 
investments (after deducting interest charges on debt). This result is compared to 
management’s target return per dollar of stockholders’ equity to determine the 
quality of capital investment alternatives undertaken. 

The financial leverage goal can be expressed as follows: 

net income generated 

. . . . , by the firm’s new 

total equity issued + t 

investments and 

replacement projects 
total debt incurred leverage goal 


— dividends paid 

management’s 


Therefore, through these two goals the model integrates the important invest¬ 
ment, financing, and dividend policy dimensions of the capital budgeting and 
equipment-replacement decisions. 

Growth rate in assets is a natural consideration in allocating capital among 
competing alternatives, because such growth contributes to the intrinsic value of 
the firm and its potential for stable and rising earnings. This goal is simply: 


book value of book value of 

new capital investments + equipment replacements 

at end of planning horizon at end of planning horizon 

book value of initial assets at the 
beginning of the planning horizon 


management’s 
desired growth 
rate in assets 
over the plan¬ 
ning horizon 


Finally, the introduction of capital-market imperfections weakens the valid¬ 
ity of NFV as a unique criterion of investment evaluation. However, in conjunc¬ 
tion with the goals above, definite strides are taken toward the maximization of 
shareholder’s wealth. Hence, new investments and replacement decisions will be 
evaluated in terms of the first five goals. Then the feasible set of capital 
commitments that maximizes NPV will be undertaken. This goal adds the NPV 
of new investment projects to the NPV of equipment-replacement alternatives. 


The Economic Constraints 

Table 21-4 shows the economic constraints of the model. The interest 
expense constraint states that the dollar interest will be the amount of interest on 
debt outstanding at the beginning of the planning horizon plus the interest on 
new debt issued. It is assumed that no long-term debt matures or is retired 
during the planning horizon. The next constraint is the all-important budget 
constraint, which states that new funds committed to projects in any year cannot 
exceed the amount of new debt issued plus the amount of new equity issued plus 
the internally generated funds (i.e., ongoing operations of the firm plus cash 
inflows generated by new projects and replacements undertaken to date) less 
interest and dividend payments. These first two economic constraints are tied 
into the net income, leverage, and earnings per dollar of equity goals. Such 
interrelationships are needed to achieve the following important aspects: (1) the 
integration of the investment, financing, and dividend policy aspects of the 
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TABLE 21 -4 Economic Constraints of the Model 

j -1 

Interest expense: Ij = 7 0 4- ^ i k A J — 1,2,..., T 

k -1 


j -1 


I C,,}^ £»• + £,■ + <,+ I E »i t X, 


k= 1 


7-1 7-1 

+ £ £ 5.A-0-<)/,- Vj(E 0 + E £*) 7=1, 2 ,. ,.,T 

k—\ i‘en 2 *== 1 


J 


Horizon value : ^ 


1 


J s= 7’+l je B * (l — A:) 


J - T ( b ,j X u~C, J X,j); 


w T = E E -c,,KJ 

i-T' + i is n » (1 + *) 


Upper limits: Z), < Z)* Ej < Ef j = 1,2,..., T 

Mutually exclusive 
replacements: 

T 

E^ 1 1 = 1,2,...,1V 

j -1 


Mutually exclusive 
projects: 

E*„<i 

i£C 


where C is a class of mutually exclusive 
projects in any year j 


Decision variables: 



if project is accepted in year J 
otherwise 

if machine i is replaced in year j 
otherwise 


Nonnegativity: dt, d {j , Dj, £, > 0 ./= 1,2,..., T f=l,2,...,6 

capital budgeting and equipment-replacement decision areas; and (2) the opti¬ 
mal timing of changes in the firm’s capital structure based on the cost and 
availability of funds in the capital markets, the firm’s leverage goal, the 
attractiveness of new projects and replacements, and the portfolio of assets 
accepted to date in the planning horizon. 

The next two constraints show the values of the discounted cash inflows less 
outflows for all accepted projects and replacements, respectively, which occur 
beyond the end of the planning horizon. These two values are used in the net 
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present value goal. Upper limits are shown for the amount of new debt and new 
equity that can be issued each year to reflect market or self-imposed limits on the 
amount of external financing that the firm can undertake. 

Finally, two constraints are shown which incorporate the fact that replace¬ 
ments of existing assets are mutually exclusive (i.e., if a given asset is replaced in 
year 1, the same original asset cannot be replaced in any other year of the 
planning horizon) and that new capital projects can be mutually exclusive (i.e., 
if one project is accepted, then any other project in the mutually exclusive set 
may not be accepted). Other project interdependencies discussed in the section 
on integer programming could also be incorporated in the model. The usual 
zero-one conditions are imposed both on the decision variables for new projects 
and for replacements. The nonnegativity requirement is placed on deviational 
variables and the debt and equity decision variables. 


The Objective Function 

The model’s objective function consists of minimizing the appropriate 
deviations ( d + , d ~, or both) from the multiple goals according to the priority 
scheme established by the firm. Thus, for the first three goals and goal 5, only 
the d~ deviation will be penalized, since a minimum level of these goals is 
sought; for goal 4, both the d + and d ~ deviations are important, because we seek 
to come as close as possible to the leverage goal that is established; and finally, 
we penalize (d ~ - d + ) for goal 6 because we are seeking to maximize the NPV of 
accepted investments. For each of the six goals a priority level must be specified 
which shows its ordinal importance in the firm’s hierarchy of objectives. 

Owing to the flexibility of goal programming discussed above, a firm can 
tailor the model to its own hierarchy of goals and its own circumstances. For 
illustrative purposes, suppose that a corporation under consideration is con¬ 
cerned about the market price of its stock, since it finds equity issues a favorable 
way to obtain new financing for capital acquisitions. It also maintains that its 
image as a growth firm is very important. Given these conditions, the firm finds 
the following priority structure appropriate: 

Priority 1 (P,) The achievement of a minimum earnings per dollar of equity 
and the achievement of a minimum level of annual net income. 

Priority 2 (P 2 ) The attainment of a specified growth in productivity of 
operating assets and a desired growth rate in assets over the planning 
horizon. 

Priority 3 (P 3 ) Coming as close as possible to the firm’s desired leverage goal 
at the end of the planning horizon. 

Priority 4 (P 4 ) The maximization of the NPV of all accepted projects and 
replacements. 


In addition, the firm decides that on the first priority level the earnings per 
dollar of equity goal is three times as important as the net income goal; on the 
second priority level, the growth rate in assets is thought to be twice as important 
as the productivity growth goal. 

The hierarchy above is expressed mathematically by the following objective 
function: 
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minimize weighted deviations = 3 P, £ d~ + P, £ d - + 2 P 2 d~ + Pd 

7=1 J=I 


+ P i (dt +d-)+p^ d( r -dp 

We now illustrate this comprehensive formulation with a numerical example. 

□ EXAMPLE 5 Comprehensive 28-Project Example 

Hat, I*" 6 ^ ble , °. n P a S es 356 - 2 3 4 5 6 7 ^ Presents cash flow data for 28 investment proposals The 
data are adapted from test problems originally presented by Weingartner. ^ The projects 
have varying initial investment*, cash flow patterns, and useful lives from 7 to 26 years 
The planning horizon of interest was 10 years. To slightly simplify matters the productiv- 
ity goal will not be considered nor will the integer requirements on project acceptance or 
«X h 1 ^ fT hlP “ nStraintS ' The 'd^ired levels of the various goals are aho given 
ontimal ° i °^ 1 ° e tabc ’ together with other input parameters for the model The 
optimal solution and goal achievements are presented and discussed below. 

Solution: The following table shows the optimal solution and goal achievements. 


Model Solution 

Goal Attainment 


Earnings per 
Year Dollar of Equity 

~T~ 


Profit p 


Amount Amount of 
Borrowed , Stock Issued 


2 Achieved 

3 Achieved 

4 Achieved 

5 Achieved 

6 Achieved 

7 Achieved 

8 Achieved 

9 Achieved 

10 Achieved 

Leverage at the end 
_ of the planning horizon 


Common s tock 
Debt 


Achieved, 

p = $404 

$200.00 $500.00 

500.00 

Not achieved, 

p = 333.75 

183.18 

Achieved, 

p= 572.27 

Achieved, 

p= 513.33 


Achieved, 

p = 454 


Not achieved, 

p= 336.71 


Not achieved, 

p= 248.60 


Not achieved, 

p= 206.33 


Not achieved, 

p = 106.66 

200.00 

Growth rate 

Net present value of 

in assets 

accepted projects (at 6%) 


= 283% 


11 % 


$381.30 


Accepted Projects 


Project 

— 

2 

3 

4 

5 

6 

7 

13 

15 


Proportion 

Accepted 

Project 

Proportion 

Accepted 

1.00 

17 

1.00 

1.00 

18 

1.00 

1.00 

19 

1.00 

1.00 

20 

1.00 

0.092 

21 

1.00 

1.00 

22 

1.00 

0.948 

23 

1.00 

0.559 

25 

1.00 

1.00 

28 

1.00 
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Input Values 


Project Number 

- 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 


Years 


/ 

2 

3 

4 

5 

6 

7 




Cash Flows (dollars) 

-100 

20 

20 

20 

19 

19 

18 

-100 

20 

18 

18 

18 

18 

14 

-100 

15 

15 

15 

15 

15 

13 

-100 

20 

6 

11 

7 

16 

5 

-100 

- 60 

- 60 

80 

74 

66 

56 

-200 

25 

25 

25 

25 

25 

25 

-150 

20 

20 

20 

20 

20 

20 

-100 

20 

18 

16 

14 

12 

10 

-150 

- 75 

- 75 

60 

60 

55 

50 

- 50 

-100 

-175 

50 

55 

60 

65 

-100 

-150 

-100 

10 

20 

30 

40 

-250 

45 

45 

40 

30 

25 

20 

- 75 

- 75 

- 40 

40 

40 

40 

35 

-180 

20 

12 

16 

13 

11 

19 

-275 

40 

45 

45 

40 

35 

30 

-140 

20 

20 

18 

16 

14 

11 


-100 

18 

17 

15 

12 

8' 


- 85 

20 

20 

16 

15 

13 


-270 

-100 

125 

115 

105 

80 


-200 

60 

40 

30 

15 

-25 


-355 

60 

70 

80 

70 

55 



-150 

25 

25 

30 

35 


-80 


8 

9 

10 

16 

14 

11 

14 

14 

14 

13 

13 

13 

14 

18 

3 

44 

30 

14 

25 

25 

25 

20 

20 

20 

4 

-20 

20 

44 

38 

36 

60 

50 

40 

60 

60 

60 

15 

10 

- 40 

35 

30 

25 

17 

12 

15 

25 

20 

15 

8 

-25 

18 

-10 

18 

17 

10 

7 

3 

60 

35 

25 

-25 

50 

40 

40 

25 

15 

30 

25 

20 

20 

20 

20 

-95 

-60 

47 

-50 

10 

10 


-60 

- 30 



-175 



- 40 


Net Income generated by 
existing assets 
(e/) $400 

Profit targets (pj) 

(3% increase per 
year) 

Earnings per dollar 
of equity goal (^) 
Growth rate in assets 
goal ( G ) 

Leverage 
goal ( S) 


360 

320 

280 

240 

200 

160 

120 

80 

40 

$404 

416 

428 

441 

454 

468 

482 

496 

511 

3% 

3% 

3% 

4% 

4% 

4% 

5% 

5% 

5% 


90 % over the planning horizon 

eqUlt - ^ = 250% over the planning horizon 
debt 


Upper bound on 
borrowing 
Upper bound on 
equity issue 
Cost of borrowing 
Depreciation 
method 
Existing assets 
Existing debt 
Existing equity 
Tax rate 


$200 every year 

$500 every year 
5% every year 
Straight line over the life of 
each project 
$2000 
$300 
$800 

50% every year 
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and Goals 


Years 


11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

NPVof 

















Projects 







Cash Flows ( 

'dollars ) 






at k. = 6 % 

6 

-8 















19.31 

14 

10 

10 

10 

10 

10 

6 

6 

6 

6 

6 






52.68 

13 

11 

11 

11 

11 

11 

9 

9 

9 

9 

9 






43 21 

20 

2 

22 

8 

10 

18 

6 

9 

14 

24 







32.29 

25 

20 

18 

25 

20 

16 

25 

14 

25 

12 

25 

10 

25 

4 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

57.50 

112.82 

7.30 

13 71 

35 

34 

33 

30 

25 

17 

9 










47 c ¥) 

30 

20 

10 

-25 

50 

41 

35 

25 

15 

5 







57 35 

60 

60 

60 

60 

60 

60 

60 

60 

60 

60 

60 

60 

60 

60 

60 

60 

204.06 

40 

15 

32 

5 

25 

19 

14 

10 

7 

5 







-8.77 

6.02 

19 

13 

14 

17 

20 

14 

11 

15 

17 

12 







— 9.90 

-75 

35 

30 

25 

20 

15 

10 

5 









— 1 7 97 

18 

16 

13 

10 

6 - 

-25 

16 

16 

14 

11 

8 

5 

2 




i / .4 / 

-9.33 

15 

12 

8 

-10 

18 

17 

15 

12 

8 








18.26 

15 

30 

ft 

10 

20 

10 














0.25 

73.10 

-12.90 

J 

10 

17 















-13.52 

15 

19 

5 

14 

10 

6 

2 











42.16 

1 'i Oft 

42 

37 

31 

24 

18 

13 

9 

6 

4 

3 







1J .uo 

17.12 

9 

7 

4 
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It is interesting to analyze the achievement of the various goals. The earnings per 
dollar of equity goal is achieved each year in the planning horizon, while the profit 
targets exhibit a more erratic behavior. These goals are generally attained in the first 6 
years (except in year 3), but the low magnitude of the cash throw-offs generated by 
existing operations prevents their achievement in the final years of the planning horizon. 

Borrowing occurs in the very first and the last year of the planning period. Of course, 
the large outlays at the beginning of the horizon triggers the $200 borrowing in year 1. 
The bond issue of the last year, however, takes place so as to bring the leverage ratio 
closer to the desired target. In spite of this final borrowing, the leverage goal is overshot 
by a nonnegligible amount (283% for equity /debt). 

The limit on the new stock issued is operative for the first 2 years, whereas only 
$183.18 is raised in the third year. Again, the firm would enter the stock market in order 
to meet the charges associated with the capital outlays of the first periods. ' 

The accepted projects allow the firm to maintain a very comfortable growth in assets 
(111%), somewhat over the 90% desired level. Finally, the net present vklue of the 
portfolio of accepted projects is equal to $381.30. 

It is also instructive to analyze the values of the deviational variables— d + and 
d —for each goal. Since the earnings per dollar of equity goal was achieved in each 
year, d 3j was equal to zero for each year, and would equal the excess of the percent 
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returns over the goals shown in the table of input values and goals. Similarly, for each 
year that the net income goal was achieved, the d { j term would equal zero, which means 
that there would be no penalty in the objective function and that d ^ would equal the 
excess of actual profits over the goal established. For example, in year 4, the net income 
goal was 428 and the actual level was 572.27; thus, the goal was achieved, dj 4 = 0, and 
</+ = 144.27 (572.27 - 428.00). An analogous interpretation can be provided for the 
deviational variables for the other three goals. As in the previous example, sensitivity 
analysis could be performed to determine the impact on the optimal projects and goal 
achievement as the priority structure is changed. □ 


SUMMARY 

This chapter explores in depth the advanced models of mathematical 
programming applied to the capital budgeting problem under conditions of 
certainty. We examine the areas of integer linear programming, and goal 
programming. Both approaches provide a powerful methodology to determine 
the optimal set of projects under various conditions and consider several types of 
constraints or restrictions. Chapter 22 explores mathematical programming 
models under conditions of risk. 


QUESTIONS/PROBLEMS 


1. Firm XYZ has 10 projects with the following characteristics. Projects 1,3, and 5 are 
mutually exclusive. For project 6 to be accepted, project 3 must also be accepted. Of 
projects 2, 4, 7, and 10, at least two must be accepted; however, project 7 cannot be 
accepted unless projects 8 and 9 are also accepted. If projects 5 and 9 are accepted 
together, their cost in combination is only 90% of the cost of the two individual 
projects. Finally, the firm feels that it must undertake at least 5 of the 10 proposed 
projects to maintain stable employment levels. 

Formulate the appropriate IP constraints for Firm XYZ. 

2. Firm TUB is evaluating the following 10 projects: 


Cash Outflows 


Project 

Year 1 

Year 2 

Year 3 

NPV 

X x 

250 

200 

100 

60 

X 2 

300 

250 

150 

80 

x 3 

275 

250 

175 

55 

X A 

225 

225 

50 

50 

X 5 

150 

250 

150 

25 

T 6 

400 

150 

0 

100 

*7 

200 

150 

100 

90 

Tg 

350 

50 

25 

40 


250 

100 

150 

75 

*10 

175 

175 

175 

75 

Constraints: 

K x < 2,000 

K 2 < 1,500 

K 3 < 1,000 
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The following interrelationships exist between the projects: 

L Only X 6 or X 1 can be accepted; not both. 
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If X 6 is accepted, X 2 cannot be accepted. 
7 is accepted, X Q must be accepted. 


£ 

3. UX- t 

4. X 9 and X l0 are mutually exclusive, but one must be accepted. 

5. If projects 2 and 4 are accepted in combination, 120% of the NPV will be generated 
rep d arateIy° St ^ ^ 7 ** 85% ° f the Combined cash outflows for the two projects 

Completely formulate this problem as an integer LP. 

3 acCisti^^ 61 ^ C ° nsiderins five new supermarkets, which have the following char- 


Project 


Characteristics 

1 

2 

3 

4 

5 

Cash outflow year 1 
Cash outflow year 2 
Cash inflow year 1 

Cash inflow year 2 

$ 10,000 

20,000 

8,000 

12,000 

0 

$18,000 

0 

8,000 

$14,000 

10,000 

5,000 

6,000 

$30,000 

15,000 

3,000 

18,000 

$ 12,000 

0 

4,000 

20,000 

Net income year 1 

5,000 

12,000 

3,000 

2,500 

— 2,000 

Net income year 2 
Profitability 

10,000 

6,000 

5,000 

14,000 

16,000 

index 

Salvage value year 10 

1.4 

4,000 

1.8 

0 

0.6 

3,000 

1.2 

2,000 

0.9 

1,000 


Acme has a budget constraint of 850,000 in year 1 and $40,000 in year 2. Any unused 
funds m year 1 can be invested m Treasury Bills at 6 % and carried over into year ? In 
addition, of the benefits received from accepted projects, 60% will be required for 
operating expenses or dividends; the remainder can be used for reinvestment in other 

o^in y^orTlrtr 31 “ ^ ^ ^ ^ 

accoimt- 0nS ,hC fiVC supermarkets ’ severa l interrelationships must be taken into 

Either project 1 or project 4 must be accepted. 

Z If project 2 is accepted, project 3 must also be accepted. 

“* ?; OJ ^ ct 1 cannot be accepted unless project 5 is also accepted. 

°tr e i et ° f pr °J eCts 2 ’ and 4 ’ at m <>st two may be accepted. 

I he firm has established the following goals: 

Priority 1 : Achieve a minimum net income of $15,000 in year 1 
Priority 2: Weight 2—maximize NPV of accepted projects, 

weight 1 come as dose as possible to a net income goal of $20 000 in 
year 2 . 





MulripERiod ANAlysis 
Ui\dER CoNdrrioNS of Risk 


In Chapters 20 and 21 we explore the important models in the area of 
mathematical programming under conditions of certainty. Such models enable 
the decision-maker to select the set of projects that maximize net present value or 
(in the case of goal programming), endeavor to simultaneously achieve a 
hierarchy of multiple goals. Such models also enable the decision-maker to 
consider more realistic and complex problem settings than those handled by the 
simple models covered in Chapters 4-7. This chapter parallels the two previous 
chapters in that it introduces sophisticated approaches for handling conditions o 
risk in the capital budgeting problem. The new models surveyed here will enrich 
the simple risk models handled in Chapters 12, 13, and 14 by determining the set 
of projects that will maximize expected shareholder utility under the complex 
conditions of multiperiod uncertainty. The important area of Monte Carlo 
simulation is surveyed first and then applied to the capital budgeting problem. 
Next, the most helpful mathematical programming models under conditions of 
risk are discussed and their applications in capital budgeting are illustrated. 


MONTE CARLO SIMULATION 

Monte Carlo simulation is a flexible and useful operations research technique 
than can handle any finite problem whose structure and logic can be specified. 
Simulation is the imitation of a real-world system by using a mathematical model 
which captures the critical operating characteristics of the system as it moves 
through time encountering random events. Groff and Muth identify three major 
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FIGURE 22-1 Schematic of a Simulation Model 

Input Variables -. » The Simulation Model —■ < ' » Output Variables 


1 . Controllable 
Variables — 
Parameters 

2 . Uncontrollable 

Variables with 
Known Probability 
Distributions — 
Exogenous 
Variables __ 


Identities and Operating 
Equations That Describe 
the Functioning System 
Using Parameters and 
Exogenous Variables 


Endogenous Variables That 
Show How Effectively and 
Efficiently the System 
Is Operating 


uses for simulation models: 1 

Z. To determine improved operating conditions (i.e., systems design). 

2. To demonstrate how a proposed change in policy will work and/or how 
the new policy compares with existing policies (i.e., systems analysis or sensitivity 
analysis). 

3. To train operating personnel to make better decisions, to react to 
emergencies in a more efficient and effective manner, and to utilize different 
kinds of information (i.e., simulation games and heuristic programming). 

Figure 22—1 shows a schematic of a simulation model composed of the 
following four major elements: 

Z. Parameters , which are input variables specified by the decision-maker 
which will be held constant over all simulation runs. 

2. Exogenous variables , which are input variables outside the control of the 
decision-maker which are subject to random variation—hence, the decision¬ 
maker must specify a probability distribution which describes possible events 
that may occur and their associated likelihood of occurrence. 

3. Endogenous variables , which are output or performance variables describing 
the operations of the system and how effectively the system achieved various 
goals as it encountered the random events mentioned above. 

4. Identities and operating equations , which are mathematical expressions mak- 
ing up the heart of the simulation model by showing how the endogenous 
variables are functionally related to the parameters and exogenous variables. 

A flow chart for a general simulation model is shown in Figure 22-2. The 
focus of the simulation is to develop empirical distributions for each endogenous 
variable in order to describe how efficiently and effectively the system operated 
during the 500 or 1,000 sampling trials that represent various combinations of 
random events encountered. As shown in Figure 22-2, the simulation progresses 
as follows. The parameters of the model are initialized and the probability 
distributions for each exogenous variable are read in; the simulation itself 

’G. K. Groff and J. F. Muth, Operations Management: Analysis for Decisions (Homewood III • Richard 
D. Irwin, Inc, 1972), pp. 369-370. ’ " 



362 


Part VI: Mathematical Programming and Multiperiod Analysis 

FIGURE 22-2 General Flow Chart of a Simulation 
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Stop 
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consists of the DO-LOOP, which will be executed the number of times the user 
specified (i.e., MAX is a parameter set by the decision-maker to show how many 
trials are desired wherein system behavior will be studied); on each simulation 
run, a value is generated for each exogenous variable by randomly selecting 
from its input probability distribution; based on these randomly generated 
values and the values of the parameters, a value is computed for each endoge¬ 
nous variable using the appropriate identity or operating equation; each simula¬ 
tion run provides one sampling observation for each endogenous variable, and 
when these observations are aggregated for all simulation runs, the analyst has 
an empirical distribution from which the usual statistics can be computed and 
probability statements made about the likelihood of the endogenous variable 
taking on a value within any given range; based on the empirical distributions 
and their statistics which are printed out after the completion of all simulation 
runs (as well as other such distributions arrived at through prior simulations 
performed using other values for the parameters, etc.), decisions are made. 

A very good survey of the simulation technique appears in GrofFand Muth. 2 
In addition, Naylor et al. and Shannon 3 provide an extensive treatment of 
simulation studies, as well as an in-depth discussion of several applications. 

Monte Carlo simulation has a number of significant advantages over 
comparable analytic techniques for handling conditions of risk. First, simulation 
can handle problems that may have the following characteristics: 

1. Numerous exogenous random variables that are each described by unique 
probability distribution. 

2. Any number of system interrelationships among variables. 

3. Identities or operating equations taking on nonlinear, differential, or 
integral equation forms. 

Virtually any analytic or optimization technique would have severe difficul¬ 
ties in handling such problems, if they could be handled at all. Second, 
sensitivity analysis can be performed in a straightforward manner so that the 
impact on the system can be pinpointed as parameters or the probability 
distribution for any combination of exogenous variables is varied. Third, even 
though simulation models are powerful and flexible, the cost of carrying out 
simulation runs is relatively small and simulation programs can be modified 
easily to reflect new structure and relationships in the system under study. 
However, simulation models (like any decision facilitating model) have their 
limitations: 

1 * In Pyt requirements can often put great demands on the decision-maker. 

2, Valid specification of system variables and interrelationships in the 
simulation model require a rather extensive understanding of the logical and 
mathematical properties (many of which can be hidden or nonobvious) of the 
real system under analysis. 

2 Ibid., Chap. 12. 

3 T. H. Naylor, J. L. Balintfy, D. S. Burdick, and K. Chu, Computer Simulation Techniques (New York: 
John Wiley & Sons, Inc., 1966); and R. £. Shannon, System Simulation : The Art and Science 
(Englewood Cliffs, N.J.: Prentice-Hall, Inc., 1975). 
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3. Experimental design requires careful attention by the analyst so that the 
simulation model can be verified and so that it provides output that is as free of 
error and as informative as possible. 


SIMULATION APPLIED TO CAPITAL BUDGETING 

One of the first authors to recommend that simulation be used in evaluating 
capital expenditures was David B. Hertz in his famous 1964 Harvard Business 
Review article. 4 Hertz, a consultant with McKinsey and Co., Inc., described the 
approach that his firm utilized to assist an industrial chemical producer who was 
evaluating a $10 million expansion of its processing plant which would have a 
10-year service life. The simulation approach that was used had nine input 
variables: 

Variables for investment cost analysis: 

1. Original investment required. 

2. Useful life of the facility. 

3. Residual value of the investment. 

Variables related to revenue generated by the investment: 

4. Selling price of the product. 

5. Size of the market. 

6. Annual growth rate in the size of the market. 

7. Share of the market captured by the firm. 

Variables related to the operating costs associated with the investment: 

8. Variable operating costs per unit of output. 

9. Fixed operating costs per year. 

The flow chart used by Hertz is shown in Figure 22-3. As can be seen, 
simulation encounters no difficulties in handling exogenous variables with any 
desired shape or moments (i.e., mean, variance, skewness, or kurtosis—the first 
four moments of the probability distribution). It is important to note that the 
probability distributions must be assessed by management so that they reflect the 
statistical dependence that exists between various combinations of variables: 
selling price and size of the market, size of the market and market growth rate, 
the trade-ofF between fixed and variable operating costs, and so on. Hertz does 
not discuss the exact methodology he used to accomplish the task but, as 
indicated, building interrelationships between variables into the model is one of 
the rather important aspects of simulation and requires careful attention by 
management and staff experts involved in building the simulation model. 

Interpretation of the information about endogenous variables which is 
printed out and/or plotted by the computer at the end of the desired number of 
simulation runs is another essential phase of the overall simulation process. Of 
course, this output information usually provides valuable data that management 
uses to compare the risk-return characteristics of investment alternatives under 

4 David B. Hertz, “Risk Analysis in Capital Investment,” Harvard Business Review (January-February 
1964), pp. 95-106. 
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FIGURE 22-3 



Simulation for investment planning. EV == expected value =average, 
or the “one best estimate.” 


Source: David B. Hertz, “Risk Analysis in Capital Investment,” Harvard Business Review 
Qanuary-February 1964), p. 102. Copyright © 1963 by the President and Fellows of Harvard 
College; all rights reserved. 
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consideration and then to select the alternative that offers the maximum ex¬ 
pected utility. To illustrate the ideas described above, consider Figure 22-4, 
again from the Hertz article. The figure shows the rate of return on two 
hypothetical alternatives (A versus B) that could be competing designs for the 
new plant addition in the chemical firm mentioned earlier. The differences are 
based on the degree of automation. The latter alternative has a higher intensity 
of capital equipment. The former requires the same dollar investment because 
more and better facilities to accommodate greater numbers of workers are 
necessitated by the nature of the less-automated plant. As can be seen, alterna¬ 
tive B has both a higher expected return and a greater risk, owing to the 
increased variability in its returns as compared with alternative A. Management 
should use this information as well as similar results on other endogenous 
variables, in order to select the alternative that is preferred given the firm’s 
utility function. 

To summarize our discussion and illustrate the components of a simulation 
model, introduced in the previous section, we will now formally define the 
parameters, exogenous variables, endogenous variables, and the identities and 
operating equations for the capital budgeting problem setting using Example 1. 

□ EXAMPLE 1 Formulation of Simulation Model for 
Capital Budgeting Problem 

For the general capital budgeting problem discussed in this section, formulate a 
simulation model by specifying the parameters, exogenous variables, endogenous vari¬ 
ables, identities, and operating equations. A flow chart should also be drawn. It can be 
assumed that the selling price of the product is controlled by the firm and thus is not 
subject to uncertainty and that the risk-free rate will remain constant over the life of the 
project. Further, the firm will evaluate any projects under consideration by determining 
its net income after taxes each year, net cash flows each year, net present value over the 
life of the project, internal rate of return, and payback period. 

Solution: The simulation model with the required components is presented in the 
table: 


General Capital Budgeting Simulation Model 


Parameters: 

SP, = unit selling price in year t 
DR, = depreciation rate for year t 
i = risk-free rate 

MAX = total number of simulation runs to be performed 
Exogenous variables: 

Stochastic variables with known probability distributions: 

MG, =■ market growth rate during year t 
MS, = market size in number of units in year t 
SM, = share of the market in year t 
INV = initial investment required by the project 
N = useful life of the investment 
FC, = total operating fixed costs in year t 



FIGURE 22-4 Comparison of Two Investment Opportunities 


Selected Statistics 



Investment 

A 

Investment 

B 

Amount of investment 

310,000,000 

310 , 000,000 

Life of investment (years) 

10 

10 

Expected annual net cash inflow 

31,300,000 

31,400,000 

Variability of cash inflow 

1 chance in 50 of 

being greater than 

31,700,000 

33,400,000 

1 chance in 50 of 

being less than a 

3900,000 

(3600,000) 

Expected return on investment 

5.0% 

6.8% 

Variability of return 
on investment 

1 chance in 50 of 

being greater than 

1 chance in 50 of 

7.0% 

5.5% 

being less than a 

Risk of investment 

3.0% 

(4.0%) 

Chances of a loss 


1 in 10 
3200,000 

■■■■• ■■■■-' • ! t : ' - 

Expected size of loss 

a t .i ^ . 

Negligible 


In the case of negative figures (indicated by parentheses), less than means worse 
than. 
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Return on Investment (%) 

Source: David B Hertz, “Risk Analysis in Capital Investment,” Harvard Business Review 
(January February 1964), p. 105. Copyright © 1963 by the President and Fellows of Harvard 
College; all rights reserved. 
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VC, = variable operating costs per unit in year t 
OC/ = other project related costs in year t 
TR/ = tax rate in year t 


Endogenous variables: 

Performance variables computed by using identities and operating equations: 
USAL/ = unit sales generated by the project in year t 
REV/ = total revenue generated by the project in year t 
DEP/ = depreciation on the project in period t 
TVC/ = total variable costs associated with the project in year t 
TC/ = total costs associated with the project in year t 
NIAT/ = net income after tax generated by the project in year t 
NCI/ = net cash inflow generated by the project in year t 
BV/ = book value of the project at the end of year t 
NPV m = net present value for the investment on the mth simulation run 
IRR m = internal rate of return for the investment on the mth simulation run 
PAYB m = payback period for the investment on the mth simulation run 

Identities and operating equations: 

BV 0 = INV 

DEP, = (DR,) (BV, _,) 


BV, = BV,_, - DEP, 

MS, = (MS,_,)(l + MG, „,) for < = 2,3,4,... 
USAL, = (MS, )(SM,) 

REV, = (USAL, )(SP,) 

TVC t = (VC,)(USAL,) 

TC, = TVC, + FC, + OC, + DEP, 

TAX, = TR, (REV, — TC,) 

NIAT, = REV, - TC, - TAX, 


NCI, = NIAT, + DEP, 

£ NCI, BV„ 
NPV„, = L 


,r, (!+,■)' 0 + 0" 


-INV 


IRR m = rate r such that 


N 


NCI/ 


+ 


BV. 


INV = 0 


,-,(!+,)' 0 + 0 " 

PAYB m = payback period is the value K such that 
K 

£ NCI/- INV 

/ = l 
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A flowchart showing how the foregoing model would operate is as follows: 
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The general model can be enriched or reduced in terms of the number of 
variables based on the firm’s needs. The approach used in Example 1 is 
straightforward and conventional except for the computation of NPV on each 
simulation run. It should be noticed that the risk-free rate (rather than the cost of 
capital or a risk-adjusted discount rate) is used to compute NPV, since the 
discounting process within a simulation model must only reflect discounting for 
futurity or the time value of money and not for the specific riskiness of the 
project under consideration. The degree of risk of the investment project is 
ascertained in the simulation runs themselves and will be reflected in all the 
empirical distributions of the endogenous variables. To discount the cash flows of 
the project at a rate in excess of the risk-free rate would burden the project with 
an improper double adjustment for uncertainty. 5 Thus, all that is required is to 
discount the cash flows at the risk-free rate in order to arrive at an empirical 
NPV distribution that contains valuable information regarding both the ex¬ 
pected value and the risk associated with the project under consideration. 

Any large-scale simulation would, of course, be performed on a computer 
since a minimum of 500 to 1,000 simulation runs are required to achieve stability 
in the results, and because there are usually many factors to monitor, as can be 
seen in Example 1. However, to provide insight concerning the operation of the 
simulation technique, the next example demonstrates a very simple hand simula¬ 
tion. 


□ EXAMPLE 2 Capital Budgeting Simulation Experiment 

The Monte Carlo Company is evaluating an investment proposal which has uncer¬ 
tainty associated with the three important aspects: the original cost, the useful life, and 
the annual net cash inflows. The three probability distributions for these variables are 
shown below: 



Original 

Cost 


Useful 

Life 

Annual Net 

Cash Inflows 

Value 

Probability 

Value 

Probability 

Value 

Probability 

$60,000 

0.3 

5 yr 

0.4 

$10,000 

0.1 

70,000 

0.6 

6 yr 

0.4 

15,000 

0.3 

90,000 

0.1 

7yr 

0.2 

20,000 

0.4 





25,000 

0.2 


The firm wants to perform five simulation runs of this project’s life. The firm’s cost of 
capital is 15% and the risk-free rate is 6%; for simplicity it is assumed that these two 
values are known for certain and will remain constant over the life of the project. 

Determine the NPV, IRR, and payback period for each of the five simulation runs. 

Solution: In order to perform the desired simulation runs by hand, a random-num¬ 
ber table would be required. An excerpt from the RAND table which shows random 
numbers uniformly distributed between zero and 1 is shown below. From this table we 
can randomly generate values from each of the three discrete probability distributions 
shown above. 


5 See W. G. Lewellen and M. S. Long, “Simulation vs. Single-Value Estimates in Capital Expendi¬ 
ture Analysis,” Decision Sciences, 3, no. 4 (October 1972), 22fF. 
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Table of Random Digits 


09656 96657 64842 49222 49506 

24712 55799 60857 73479 33581 

07202 96341 23699 76171 79126 

84575 46820 54083 43918 46989 

38144 87037 46626 70529 27918 

48048 56349 0i986 29814 69800 

41936 58566 31276 19952 01352 

73391 94006 03822 81845 76158 

57580 08954 73554 28698 29022 

92646 41113 91411 56215 69302 

07118 12707 35622 81485 73354 

57842 57831 24130 75408 83784 

65078 44981 81009 33697 98324 

04294 96120 67629 55265 26248 

48381 06807 43775 09708 73199 

00459 62045 19249 67095 22752 

38824 81681 33323 64086 55970 

91465 22232 02907 01050 07121 

50874 00807 77751 73952 03073 

26644 75871 15618 50310 72610 


10145 48455 23505 90430 04180 

17360 30406 05842 72044 90764 

04512 15426 15980 88898 09658 

05379 70682 43081 66171 38942 

34191 98668 33482 43998 75733 

91609 65374 22928 09704 59343 

18834 99596 09302 20087 19063 

41352 40596 14325 27020 17546 

11568 35668 59906 39557 27217 

86419 61224 41936 56939 27816 

49800 60805 05648 28898 60933 

64307 91620 40810 06539 70387 

46928 34198 96032 98426 77488 

40602 25566 12520 89785 93932 

53406 02910 83292 59249 18597 

24636 16965 91836 00582 46721 

04849 24819 20749 51711 86173 

53536 71070 26916 47620 01619 

69063 16894 85570 81746 07568 

66205 82640 86205 73453 90232 


The simulation process is now undertaken. In order to generate random numbers 
irom the table, we would just start anywhere at random in the table, reading any pair of 
adjacent columns, since we need a two-digit random number and read either down the 
column or across the row. For this example we simply use the first two columns in the 
table and start at the top with the number 09 and then read down the column In 
addition the above three probability distributions should be cumulated to facilitate 
running the simulation. 


0ri 8 inal Useful Annual Net 

. J ^ os f Life __ Cash Inflows 


Value 

Prob. 

Cum. 
Prob. 

Value 

Prob. 

Cum. 

Prob. 

Value 

Prob. 

Cum. 

Prob. 

$60,000 

0.3 

0.30 

5 yr 

0.4 

0.40 

$10,000 

0.1 

0.10 

70,000 

0.6 

0.90 

6 yr 

0.4 

0.80 

15,000 

0.3 

0.40 

90,000 

0.1 

1.00 

7yr 

0.2 

1.00 

20,000 

0.4 

0.80 







25,000 

0.2 

1.00 


Thus, we can immediately see that the original cost of the project will be $60,000 if the 
u nd ° m number § enerate d « between Q0 but less than 30; the cost will be 
’ )] tbe random number generated is between 30 but less than 90; the cost will be 

$90,000 if the random number generated is between 90 and 99. This methodology carries 
over to the other two distributions. 

The five simulations are now performed and the results are tabulated: 


Simulation Results 


Original Cost Useful Life Annual Cash Flows 


Run 

R.N. 

Value 

R.N. 

Value 

R.N. 

Value 

1 

09 

$60,000 

24 

5 yr 

07 

$10,000 

2 

84 

70,000 

38 

5 yr 

48 

20,000 

3 

41 

70,000 

73 

6 yr 

57 

20,000 

4 

92 

90,000 

07 

5 yr 

57 

20,000 

5 

65 

70,000 

04 

5 yr 

48 

20,000 


NPV 

IRR 

Payback 

$17,876.36 

Negative 

None 

14,247.28 

13.12% 

3.5 yr 

28,346.48 

18.00% 

3.5 yr 

5,752.72 

3.55% 

4.5 yr 

14,247.28 

13.12% 

3.5 yr 
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Recall that the NPV is computed using the risk-free rate of 6%. Of course, this simulation 
is greatly simplified, but it should provide the general flavor of the approach Notice that 
there is substantial variability in the results due to the small number of exogenous 
variables, their discrete distributions, and the small number of simulation runs performed. 


The basic simulation approach has been extended in several directions. 
Some of the more interesting are now discussed briefly with references given so 
that the interested reader can explore them further. 

Kryzanowski, Lusztig, and Schwab discuss the application of a Hertz-type 
simulation model to a plant-expansion decision by a natural-resource firm. 
Thuesen describes the use of simulation by the Georgia Power Company m 
performing risk analysis in the evaluation of nuclear vs. fossil-fuel power plants. 
Philippatos and Mastai present a model designed to assist a wholesaler ot 
nondurable goods in evaluating a proposed computer-controlled automated 
warehouse. 6 7 8 9 Chambers and Mullick present a simulation model that they 
designed and used at Corning Glass Works to evaluate five alternative manufac¬ 
turing facilities in various foreign countries for one of their major product lines. 
Fourcans and Hindelang formulate a general two-stage simulation model wherein 
both the subsidiary and the parent company of a multinational Arm can 
evaluate and rank investment opportunities considering both project-related and 
critical international variables as well as various interrelationships among these 

variables. 10 * . ^ . r , x 

Cohen and Elton suggest that simulation is an efficient way of determining 

the elements of the variance-covariance matrix required to evaluate joint returns 
on a portfolio of capital budgeting projects under evaluation. Salazar and Sen 
develop a simulation model which they combined with Weingartner s linear 
programming model; their simulation incorporates two types of uncertainty: 
environmental uncertainty based on what future economic, social, and competi¬ 
tive conditions may be; and cash flow uncertainty, wherein only the shape and 
parameters of a probability distribution are specified. 12 Their approach gener¬ 
ates efficient portfolios of projects which are ranked as a function of differing 
environmental conditions and/or managerial preferences toward risk and return. 


6 L Kryzanowski, P. Lusztig, and B. Schwab, “Monte Carlo Simulation and Capital Expenditure 
Decisions—A Case Study,” The Engineering Economist, 18 (Fall 1972), 31-48. , . 

7 G. J. Thuesen, “Nuclear vs. Fossil Power Plants: Evolution of Economic Evaluation Techniques, 

The Engineering Economist, (Fall 1975), 21-38. . , ,, , 

»G. C. Philippatos, and A. J. Mastai, “Investment in an Automated Warehouse: A Monte Cailo 

Simulation and Post-Optimality Analysis,” Proceedings of the 1971 Conference on Systems, Networks an 
Computers , January 1971, Mexico City; also see G. C. Philippatos, Financial Management : Theory and 

Techniques (San Francisco: Holden-Day, Inc., 1973), Chap. 21. . „ 

9 J. C. Chambers and S. K. Mullick, “Investment Decision Making in a Multinational Enterprise, 

Management Accounting (August 1971). . f .. 

10 A. Fourcans and T. J. Hindelang, “A Simulation Approach to Capital Budgeting for the 
Multinational Firm,” presented to the 1976 Financial Management Association Conference, October 
1976, Montreal, Canada; also see Appendix 25 A of this text. 
n K. J. Cohen and E. J. Elton, “Intertemporal Partfolio Analysis Based on Simulation of Joint 

Returns,” Management Science, 14 (September 1967), 5-18. . „ 

12 R. C. Salazar and S. K. Sen, “A Simulation Model of Capital Budgeting Under Uncertainty, 

Management Science, 15 (December 1968), 161-179. 
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Finally, Carter suggests an interactive simulation model wherein all projects 
under consideration are simulated jointly in order to derive covariances among 
the projects. Based on this simulation, the expected return and variance of 
various portfolios are computed and managers can obtain further information on 
any desired portfolio in order to make the final selection. 

Our overview of the simulation methodology, plus the survey of the direc¬ 
tion of simulation research, will be helpful in the following section, which 
introduces the complex area of mathematical programming under conditions of 


MATHEMATICAL PROGRAMMING UNDER RISK 

This section surveys the application of mathematical programming models 
under conditions of risk to the capital budgeting problem. Table 19-1 identified 

the five categories of mathematical programming models under conditions of 
risk: 

1. Stochastic linear programming (SLP) 

Linear programming under uncertainty (LPUU) 

Chance-constrained programming (CCP) 

2. Integer programming under uncertainty (IPUU) 

3. Stochastic goal programming (SGP) 

4. Nonlinear programming under uncertainty (NLPUU) 

Quadratic programming under uncertainty (QPUU) 

5. Dynamic programming under uncertainty (DPUU) 

Among these approaches, the major applications in the capital budgeting 
area have been in stochastic LP, chance-constrained programming, and quadratic 
programming under uncertainty. A brief overview of each of these models as 
well as the significance of their application within the field of capital investment 
will be presented. 


Stochastic Linear Programming 

Stochastic LP (SLP) is a method of handling conditions of risk similar to 
Monte Carlo simulation already discussed. In SLP, a linear programming model 
replaces the identities and operating equations of the simulation model and the 
two-stage process proceeds as follows. In stage 1, we first set a number of decision 
variables and consider that they will be fixed (just like parameters in a 
simulation model) for all subsequent observations of random events. In stage 2 
random events are generated and these values plus the parameters from stage 1 
are substituted into the LP model. The LP is solved which provides one 
empirical observation of the optimal value of the LP objective function and the 
optimal values of the decision variables. Next, we go back and repeat the process 

13 1974). P ° rtf0li0 ° f C0rp0mte Capllal Budgetmg Mass, Lexington Books, 
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of generating random events and solving LP problems some desired number of 
times, thereby deriving a complete empirical distribution for the LP objective 
function. Finally, we compare this empirical distribution with other empirical 
distributions arrived at using different stage 1 decisions in order to ascertain that 
set of stage 1 decisions which optimizes the decision-maker s utility function. 

The major SLP approach to capital budgeting is attributed to Salazar and 
Sen. 14 To provide greater insight into their approach and to further describe 
SLP, several figures from their article are presented. Salazar and Sen incorpo¬ 
rate two kinds of uncertainty into their model: uncertainty related to significant 
economic and competitive variables which are likely to affect project cash flows 
and uncertainty related to the cash flows of the projects under consideration 
based on these variables. Salazar and Sen handle the first type of uncertainty by 
a tree diagram (similar to that introduced in Chapter 12) shown in Figure 22-6. 
Notice that there are 12 branches in the tree diagram with their respective joint 
probabilities of occurrence shown on the far right of the tree; the derivation of 
those probabilities is based on the table below the tree. In the SLP framework, 
the 12 branches in this tree diagram are considered as stage 1 decisions to be 
fixed; for each branch in the tree, cash flows for each project under consideration 
are randomly generated and then plugged into the LP model. To elaborate, 
consider the flow chart used by Salazar and Sen, which is shown in Figure 22-7. 
The first processing box in the flow chart randomly selects a branch from the 
tree shown in Figure 22—6. Next, the time counter, t, is set to 1 and then 
the project counter, j> is also set to 1. The two DO-LOOPS randomly generate 
the cash flows for all projects (up to j = 15—all 15 projects under consideration) 
over all time periods (up to t= 21— the planning horizon of the model). These 
random cash flows are plugged into the model’s LP algorithm (which would be 
similar to the models discussed in Chapter 20) and the optimal set of projects, 
and the optimal objective function value is obtained. We then check to see if we 
have performed the desired number of simulations (S'*). If not, we go back and 
randomly select another branch from the tree diagram in Figure 22—6 and 
repeat the simulation and LP solution again. When all simulation runs have 
been performed, the empirical LP objective function results are plotted on the 
risk-return axes. 15 Given this summary of the results, management can decide 
which portfolio of assets optimizes its utility function. This approach is a flexible 
and powerful combination of mathematical programming and the simulation 
technique. 


Chance-Constrained Programming 

The next major category which has seen capital budgeting applications is 
that of chance-constrained programming (CCP). The approach of CCP is to maximize 
the expected value of the objective function subject to economic constraints that 
are allowed to be violated some given percentage of the time due to random 
variations in the system. Chance constraints are arrived at as follows. Consider 


4 Salazar and Sen, “A Simulation Model.” 
[5 Ibid., p. 173. 
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FIGURE 22-6 Tree Diagram Used by Salazar and Sen 
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Introduction of new 
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0.2 
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-1 

0.2 
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0.6 
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1 

0.3 

No 

0 

0.7 


Structure of the Model Interpretation of Chance Nodes 
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Time Period 


Environmental State 
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Falls — l 
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U°™° t E: - 1 Salazar and S. K. Sen, “A Simulation Model of Capital Budzetin? Und^ 
Uncertainty, Management Science, 15 (December 1968), 165. ^ ^ 
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FIGURE 22-7 Macro Flow Chart of System Program 




Source: R. C. Salazar and S. K. Sen, “A Simulation Model of Capital Budgeting Under 

Uncertainty,” Management Science, 15 (December 1968), 169. 
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the usual constraints of LP: 

N 

I 'ijXjiZbi 
1 

Owing to randomness in either the a :j coefficients or the b right-hand-side values 
we show that the economic constraints do not have to be satisfied all the time bv 

= „ g , or con ,,„ int wilh d 


where P= probability 

a, — minimum probability that the decision-maker is willing to accept that 
a given constraint is satisfied. u accept tnat 

!L a C°' 9 ° : f ° r CXampI t’ thIs W ° uld mean that the decision-maker requires that 

*»-- •» *■ 

if rS” 

■ s aa p asg.-* ta " h ' ^ 

work^was 

izon value of the firm was maximized subject to probabilistic constraints on 
financing alternatives that could be violated some fraction of the time H 
considered both perfect and imperfect capital markets. Naslund’s work extended 
Weingartner s (covered extensively in Chapter 20) to the risk area. 

and Kortenek^Theh 0 H 7™ “ artide in 1967 ^ B V™ e > Chames, Cooper, 
d Kortenek. Their model incorporates probabilistic payback and liquidity 

constraints as well as requirements for the firm’s posture at the end of the 

p aiming horizon. Using the deterministic equivalents, the authors are able to 

derive a numeneal solution for a small three-period, four-project examnle Thev 

also present strategies for doing sensitivity analysis on the results Because of the 

unresolved difficulty of solving large CCP problems, the same four authors 

^ SatiSfiCmg ^ 

pp sJ- a 653 Pml ’°” S An In ‘ r0duCii ° n (New York: Macmillan Publishing Co., Inc., 197!), 

‘"RyNashiml, “A Model for Capital Budgeting Under Risk,” Journal of Business, 39 (April 1966), 
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recommended two alternative solution techniques based on assumptions that 
project cash flows could be closely approximated by discrete P^abihty distribu¬ 
tions 20 The second article of the pair develops an integer LP model to ap 
proximate the nonlinear CCP model (for which no efficient solution technique 

“^The final major model was formulated by Hillier when he maximized the 
expected utility of the shareholders at the end of the planning horizon subject to 
probabilistic constraints on the net cash flows in eac P e "° ’ 
cumulative net cash flows in each penod over the planning horizon. The 
author suggests two solution techniques: 

/. An approximate LP model based on the deterministic equivalents for the 

chance cons^act branch . and . boun d algorithm that he developed for handling 
continuous zero-one chance-constrained programming problems. 

To illustrate the CCP formulations and the results of finding the determinis¬ 
tic equivalent for chance constraints, consider the model suggested by Naslu . 
His model consisted of the objective function plus the chance constraints show 

below: 

I N \ 


Maximize £ X + V T W : 


7 = 1 


subject to 


/>[ jta lj Xj+V l -W l £D l 


7 = 1 


> 


pi L Za^Xj-ZVs+ZW.r+V-W^iDi ><* 


»- 1 7=1 


i-1 

V n W t >0 


0 < Xj < 1 

where E= expected value operator 

/^probability of the expression within the parentheses 
A = horizon value at time T of all cash flows subsequent to the horizon 
3 associated with project j 
X= fraction of project j accepted 
V = amount of money lent in period t at interest rate r 
W t = amount of money borrowed in period t at interest rate r 

saw®* 8sns«s 

i? : sr.™‘ 

»F TSK’or Bounded Continuous vision 

Variables,” Management Science, 14, (September 1967), 34-57. 

23 Naslund, “A Model for Capital Budgeting,” pp. 258-261. 
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a tj = c ash flows associated with project j in time period t— positive signs for 
this variable are associated with cash outflows while negative signs are 
associated with cash inflows 

D t = cash flow generated by other activities than the investment projects 
that we are going to consider 

a t ~ probability with which we require that the constraint within the 
parentheses hold 

In the formulation, the following variables can be considered random: a r , AD { . 
Owing to this randomness, the constraints within the parentheses may not always 
be satisfied, but the decision-maker requires that they be satisfied at least a ( 
percent of time. Thus, the formulation maximizes the expected value of the 
horizon value of all accepted projects plus money lent, minus money borrowed 
at the horizon date, T. This maximization is carried out subject to a budget 
limitation expressed as a chance constraint in each period over the planning 
horizon. The constraint for period 1 states that the amount spent on new projects 
QldijXj) plus the amount of funds lent (Fj) less the amount of funds borrowed 
W) cannot exceed the cash flows generated by operations The probabilis¬ 
tic constraint in each subsequent period considers cumulative cash inflows and 
outflows on all projects (L'La^Xj), the cumulative amount of interest received on 
funds lent up to the present period (£FJr), the cumulative amount of interest 
paid on borrowed funds up to the present period (LW-r), and the cumulative 
cash inflow from operations (!£>•)„ The constraint states that cumulative net cash 
outflows for all projects up to the period minus cumulative interest earned plus 
cumulative interest paid plus amount lent less amount borrowed cannot exceed 
cumulative cash inflow from operations. Finally, we have the nonnegativity 
constraint and the upper limit on project acceptance. As indicated, to solve this 
problem the deterministic equivalent must be taken considering the random 
variables that are present. Naslund 24 assumed that the only random variables 
were the a (j) which he further assumed were normally distributed with means U t 
and variances a 2 and further that all these variables were independent of one 
another. Given these assumptions, the deterministic equivalent that Naslund 
derived is: 


subject to 


maximize £ A-X. + F 7 


Z U ij X j + v i~ w i + \/ E olXfF~ l (a t )^D. 


Z E U ijXj- E V t r+ £ W i r+ V t -W t 

*" 1 J= 1 i= 1 i'= 1 


+ l 


o < Xj s 1 


r„w;>o 


Ibid., p. 261. 


t=2,3,...,T 
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where F ~ 1 is the inverse cumulative density function associated with the random 
variables a, •. As can be seen, all the constraints are nonlinear in the decision 
variables X- because of the square root of the sum of the variances times X- 
squared. Of course, these nonlinearities in the constraints cause significant 
problems in solving the formulation, since there is no general way of solving 
nonlinear programming problems. The approximation methods discussed above 
provide assistance in solving CCP problems. We now turn to a discussion of one 
final mathematical programming model under risk. 

Quadratic Programming 

Quadratic programming (QP) is the mathematical programming model wherein 
a nonlinear objective function is optimized subject to linear constraints. This 
model is far easier to solve than the nonlinear programming model, because the 
feasible region is convex. The convexity assures that a local optimal solution is 
also the global optimal solution. This greatly facilitates the optimization process, 
since the feasible region for a nonlinear model is not necessarily convex. 

The earliest QP model in the capital budgeting area is attributed to 
Farrar, 25 who in 1962 extended the work of Markowitz (who used QP in 
portfolio selection) and Weingartner (who did pioneering work in the capital 
budgeting area) by reflecting both the project’s expected net present value 
(NPV) and the variance of the NPV’s in the objective function. The general QP 
formulation recommended by Farrar is as follows: 

N N N 

maximize Z= £ XjUj — A £ H 
j= 1 i=l j=l 

subject to 

N 

x 7 >o 

where Xj= proportion of the total budget invested in project j 
£Z = expected NPV of project j 
A = stockholders’ average coefficient of risk aversion 

o tJ = covariance between the NPV of project i and project j—when i = j, 
this is the variance of project j 

Note that the objective function seeks to maximize shareholders’ expected utility, 
since it reflects both the mean and variance of all possible portfolios of projects 
plus the average coefficient of risk aversion. Thus, the trade-offs between risk and 
return are incorporated, as are the interactions between all possible pairs of 
investments projects. 

One problem with this formulation was that the decision variables are 
continuous (i.e., X- > 0) and that the decision variables are stated in the portfolio 
convention of percent of the budget availability (in a single period) to be 
invested in each project. To overcome these difficulties it was necessary to arrive 

25 D. F. Farrar, The Investment Decision Under Uncertainty (Englewood Cliffs, N.J.. Prentice-Hall, Inc., 
1962). 
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at an integer quadratic programming algorithm that could efficiently handle 
realistic-size problems. Such a development was forthcoming when Mao and 
Wallingford 26 extended a previous integer LP branch-and-bound algorithm 
developed by Lawler and Bell. 27 They reported promising computational results 
showing that problems with 15 projects and 15 constraints were solved in less 
than 1 second of computer time. Of course, the variance-covariance matrix 
grows exponentially with the number of projects under evaluation. 

The most recent quadratic programming capital budgeting model was 
developed by Thompson in a capital asset pricing context. 28 He formulated a 
single-period model which handles competitive and complementary projects 
where the market value is determined by the capital asset pricing model. 
However, he concluded his article with a word of caution: 29 

The programming approach has been shown to deal effectively with multi¬ 
period problems. Its credentials are strong. The capital asset pricing model, 
however, deals with a single period. Developing a multiperiod approach to 
capital budgeting using a multiperiod capital asset pricing model appears more 
formidable. 

This concludes the discussion of QP, which provides the decision-maker with 
assistance in capturing the covariance between projects and between projects and 
the ongoing operations of the firm. 


SUMMARY 

This chapter presents an overview of sophisticated approaches for handling 
conditions of risk in a multiperiod setting. The first approach introduced is that 
of Monte Carlo simulation—a powerful and flexible approach to handling the 
capital budgeting problem. Next, the mathematical programming models under 
risk of stochastic LP, chance-constrained programming, and quadratic program¬ 
ming are surveyed and illustrated. These techniques provide valuable assistance 
to financial managers as they wrestle with capital budgeting problems under 
conditions of risk. 


QUESTIONS/PROBLEMS 


/. Discuss the strengths and weaknesses of Monte Carlo simulation in decision making 
under conditions of risk. 

2, Discuss the major components of a Monte Carlo simulation model and illustrate these 
in the capital budgeting problem setting. 


26 J. C. T. Mao and B. A. Wallingford, “An Extension of Lawler and Bell’s Method of Discrete 
Optimization,” Management Science (October 1968), pp. 51-61. 

27 E. E. Lawler and M. D. Bell, “A Method for Solving Discrete Optimization Problems,” Operations 
Research (November-December 1966), pp. 1098-1112. 

28 H. E. Thompson, “Mathematical Programming, The Capital Asset Pricing Model, and Capital 
Budgeting of Interrelated Projects,” The Journal of Finance, 31, no. 1 (March 1976), 125-131 
29 Ibid., p. 130. 
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3. Discuss the strengths and weaknesses of stochastic LP, chance-constrained program¬ 
ming, and quadratic programming for handling the capital budgeting problem under 
conditions of risk. 

4. For the Monte Carlo Company shown in Example 2: 

(a) Using the probability distributions shown in Example 2 and assuming indepen¬ 
dence in the cash flows over time, compute the expected NPV and the standard 
deviation for this distribution over the life of the project. 

(b) Assuming normality, compute the probability that the NPV will be positive as well 
as the probability that it will exceed SI0,000. 

(c) Perform 10 simulation runs for the project shown in Example 2 and compute the 
mean NPV and the standard deviation of this distribution. 

(d) Assuming normality, compute the probability that the NPV will be positive as well 
as the probability that it will exceed SI0,000, based on the results of your 10 
simulation runs in part (c). Compare these results with those obtained in part (b) 
and comment on any differences (i.e., Why do the differences arise? Which 
probabilities are more reliable? etc.). 

5. The Wee Producem Company is deciding whether to introduce a new product on the 
market. At the present time they have two decisions to make: the overall decision of 
whether to introduce the product with additional production costs of $15,000,000 
versus dropping the project and simply suffer the loss of the $2,500,000 already 
invested, or to do further market research at a cost of $1,500,000 and then make the 
introduction decision (with the same costs as above). Wee Producem estimates that the 
market research group will assign a probability of 0.7 that the product will be 
introduced. Because of the unusual nature of the product, only two final outcomes are 
possible: outcome A derives $40,000,000 profit while outcome B derives a $5,000,000 
loss. The present estimated likelihood of outcome A is 0.6 and 0.4 for outcome B. 

Determine the optimal strategy by using a decision tree to compare the expected 
returns of the different possible strategies. 



Lease ANAlysis:ThE Lessee's Perspective 


Leasing is a process whereby the owner of a particular asset (lessor) enters into 
an agreement (lease) with the user (lessee) so that the latter can use the asset for 
a specified period of time. The lessee pays a certain amount (lease payment) to 
the lessor for the use of the asset. 

Real estate still constitutes the largest single category of leased items, but 
numerous types of equipment, such as airplanes, railroad cars, ships, specialized 
equipment for farming, textile and oil industries, and computers, are being 
leased. Almost without exception, any type of equipment that a business can 
purchase, it can also lease. Within the consumer sector, leasing of durable goods, 
such as automobiles, washers, dryers, refrigerators, televisions, furniture, and the 
like, has also been increasing rapidly. The leasing industry is experiencing a 
dynamic growth period and is becoming increasingly important as a means of 
financing for business, consumers, and to some extent, government operations. 


ADVANTAGES OF LEASING 

From the viewpoint of the lessee, there may be many advantages to leasing 
versus purchasing. Naturally, a primary consideration is cost. The cost of a lease 
may be more or less than the cost to purchase and may differ among lessees. For 
example, if a firm has been running at a very low profit, it might not be able to 
enjoy the tax benefits of investment tax credit and accelerated depreciation 
which are associated with the purchase of some assets. A lessor could, however, 
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take full advantage of the tax benefits and pass them along to the lessee by 
means of reduced lease payments. 

Aside from the financial question, many other considerations become im¬ 
portant in deciding whether to lease or purchase. The general advantages, 
inherent to all leases, are described below. 

1. Leases provide an alternative source of obtaining facilities and equipment 
for firms that have limited capital budgets. In fact, capital projects can be 
analyzed on the basis of ownership or leasing and the respective NPV or IRR 
calculated for each alternative. Such a listing would provide wide visibility with 
respect to alternative capital acquisition plans. Some may be purchased and 
others leased, with the goal of selecting the most-profitable combination. 

2. Frequently, equipment may be leased over a longer period than would be 
available through conventional financing. Usually, equipment loans run for a 
period that is substantially shorter than the economic life of the asset, whereas 
leases can be obtained for nearly the total length of the asset’s life. This spreads 
the cost over a longer time period. 

3 . Leases are normally quoted at fixed rates or may be tailored to meet the 
cash budgets of the lessee. This avoids the risks associated with short- or 
intermediate-term financing and refinancing. Recall that many intermediate-term 
loans have balloon repayment features, in which the bulk of the principal is due 
at the end of the loan and, if the firm maintains its credit rating, forms the basis 
for a new loan. Such refinancing exposes the firm to added risk, as interest rates 
may change. 

4. Leasing may conserve existing sources of credit for other uses and usually 
does not restrict a firm’s borrowing capacity. Many loan indentures do restrict 
additional borrowing. Further, some firms which cannot raise the needed capital 
to purchase an asset due to marginal credit standings may be able to lease. 

5. Leasing generally provides 100% financing, since a down payment is not 
required. 

6. Leasing is quick and flexible as opposed to raising funds and making 
capital expenditures. The restrictive covenants usually found in loan indenture 
agreements are generally not included in lease agreements. Further, lease terms 
and options can be tailored to the specific need of the lessee. For example, lease 
payment schedules may be arranged to meet the seasonal cash flows of the lessee. 

7. The total acquisition cost, including sales taxes, delivery and installation 
charges, and so on, may all be included in the lease payments. These front-end 
costs may be substantial and thereby result in heavy initial cash outflows if assets 
are purchased. This can be avoided through leasing. 

& Leasing can assist the process of cash budgeting by permitting accurate 
prediction of cash needs. This would be a desirable feature over short-term loans 
but less so over bond financing, which is long-term. 

9. The entire lease payment is tax-deductible to the lessee. If land is 
involved in the lease, this is especially important, because land may not be 
depreciated. 

10 . Leasing avoids the costs of underwriting and floating new issues of stocks 
and bonds. Also, the public disclosure surrounding such offerings is avoided 
when a firm does not have to go to the capital markets to secure funds. 
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11. Leasing may avoid the risk of obsolescence. In fields that are changine 
rapidly, such as computer technology, ownership may be a distinct disadvantage 
when new products are introduced. But, risk avoidance has a price, which will be 
factored into the cost of the lease by the lessor. 


LEASE VERSUS PURCHASE: SOME KEY VARIABLES 

The preceding discussion on the merits of leasing versus ownership must 
culminate m the analysis of a specific decision to lease or buy. The criterion for 
this decision ,s the same as that for all capital budgeting proposals namdy 
choose the alternative that maximizes the present worth of the enterprise As in 
so many other instances, however, each business firm will have its own method of 
applying basic principles of financial analysis. Yet there are variables common to 
all leasing situations, and these must be identified and measured whatever the 
particular framework of analysis. The key variables in lease analysis, the focus of 
any lease negotiation, include the following: 

/. Depreciation: The tax effects of depreciation represent an advantage of 
ownership that is lost under leasing. Since lease analysis is carried through on a 
cash-flow basis, depreciation represents a tax savings, and accelerated deprecia¬ 
tion, all things equal, tends to swing the decision in the direction of ownership by 

finnT m K CaSh K° WS u he e u rly yearS ' The termin °l°gy °f accelerated deprecia- 

CnZ pi!" f lg by ‘ h L Ec0n ° miC Recover >' Act of 1981 to Accelerated 
Cost Recovery System (ACRS) as described in Chapter 10. 

, 2 : ° bsolescence '- High rates of obsolescence (for instance, in computers and 
calculating equipment) increase the risks of ownership. This tends to make 
leasing a more attractive alternative. 

i , 3 ‘ ^P e y- tln S and maintenance charges: These represent an expense of ownership 
although the gross charge is reduced by tax shields. If the lessor assumes these 
expenses as part of the lease agreement, the situation may make leasing a 
more-attractive alternative and may reduce the overall cost of acquiring the use 

operate the asset by reason of the economies of scale. 

4. Salvage or residual values: After allowance for tax effects, residual values are 
an advantage of ownership lost under leasing. But salvage value is a highly 
uncertain value High salvage values lower the costs of ownership. The problem 
is to forecast salvage within a reasonable range 5 or 10 years in the future This 
is not an easy assignment. On the side of the lessor, salvage value reduces the 
cost of leasing. Under the pressure of negotiation, the lessor may transfer some of 

a hi?hor r r^ m iTT l ° t . he , future; that is ’ the lessor mj ght hopefully anticipate 
a higher residual to keep the lease payments down and win the contract In fact 

many leases depend on a significantly higher actual residual asset value than the 
amount established for purposes of depreciation to make their profit. 

5. Discount rate. This is perhaps one of the most controversial features in 
lease evaluation. It can swing the decision one way or the other. Leasing analysis 
uses cash flows, and these extend over several fiscal periods. The c^sh flows, 
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therefore, have to be discounted for the time value of money and for risk. But the 
risk associated with each of the cash flows of ownership may differ significantly. 
There are differing degrees of risk associated with sales, operating expenses, 
interest charges, and residuals. By contrast, once agreed upon, lease payments 
are usually fixed and certain. We would, therefore, not use the same discount 
rate on each cash flow. How, for example, should we discount the after-tax 
operating costs or the tax savings of depreciation? We discuss this problem later 

in the chapter. , , , . . , . 

6. Length of lease: The length of time for which the lessee is committed to the 

lease payments and the extent of the penalties for premature cancellation greatly 
affect the flexibility of the firm and the risk associated with the acceptance of the 

lease^ ^ ^ ^ payments: Since the analysis uses a discounted-cash-flow 

approach, the timing of the lease payments (payable annually, semiannually, 
quarterly, or monthly) may, in a close situation, affect the decision. Similarly, 
the timing of lease payments, whether they are payable m advance or at the end 

of a designated period, must be considered. ... 

8 Tax effects: In Chapters 10 and 11 we discuss the implications of taxation 
on the cash flows derived from capital investments. With respect to leasing, it is 
important to note that lease payments are fully tax deductible by the lessee, 
while the lessor enjoys the advantages of depreciation. Any investment tax 
credits may be taken by the lessor or be passed on to the lessee. Naturally, the 
size of the lease payments will reflect who takes these credits. But another factor 
must be considered. Can a lessee fully utilize investment tax credits, accelerated 
depreciation, and finance charges? That is, does the firm have sufficient levels of 
income to make the deductions worthwhile? For example, in recent years 
capital-intensive industries, such as railroads, airlines, maritime shipping, steel, 
aluminum, and public utilities, already deferred a large portion of their taxes 
and stood to lose permanently the tax benefits of investment and accelerated 
depreciation on new projects. In like manner, oil and mining companies fre¬ 
quently resorted to leasing simply because depletion allowances held their 
effective tax rates below those of the lessor, the difference being used to reduce 
the lessee’s net cost. 

There are two caveats to the preceding enumeration of key variables m 
leasing. First, the variables express the dollar benefits and costs of leasing while 
ignoring the convenience factor of the arrangement. Because lease analysis is 
frequently a “sharp-pencil” calculation, convenience could swing the decision m 
favor of leasing. Second, the key variables isolated above do not constitute a 
definitive list of the significant clauses typifying most leases. For example, t e 
lease may require a pledge of collateral and contain express or implied warran¬ 
ties, restrictions on the use of the equipment, and/or provisions relating to such 
factors as redelivery, default, bankruptcy, damages, and insurance. These clauses, 
largely contingent, can have monetary implications as circumstances change. 
The lessee may find it advisable, therefore, to allow for other variables in his or 

her financial analysis as judgment dictates. . 

The question of leasing versus ownership represents a long-run financial 
planning decision and must be considered together with both capital budgeting 
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and financial structure decisions. In some cases the asset to be leased or 
purchased will represent a mandatory investment; the project must be accepted, 
and the only decision is whether to acquire the asset by purchase or by lease. In 
such cases, lease analysis is essentially a financing decision, and we attempt to 
evaluate the lease against alternative ways of financing the asset. In other cases 
the lease arrangement itself is important in deciding whether to accept or reject a 
capital project. For example, some capital projects may only be available by 
lease; in other cases, it may not be sound financially to buy an asset, but leasing 
the same asset may be quite attractive. In this situation, lease proposals are 
incorporated in the capital budget as discrete projects, and the evaluation 
process should permit management to properly rank all proposed capital ex¬ 
penditures (including lease projects) in order of desirability. 


LEASE VERSUS PURCHASE AS A FINANCING DECISION 

The lessee desires to maximize present value. In our initial analysis, we make 
three assumptions relative to the lessee: 

1. The project being considered is either mandatory or the decision has been 
made to acquire the asset, so all that remains is the question of how to finance 
the project. The lessee needs to know which method of financing (lease or 
purchase) is least costly. 

2. Since leasing is a form of financing comparable to indebtedness, the asset 
if purchased will be financed by a bank loan. The underlying reasoning states 
that the borrowing capacity and cost of capital to a firm will be affected in about 
the same way by lease or debt financing. 

3. The cash flows attributable to the project (except for residual value) will 
be discounted at the firm’s after-tax cost of debt. This assumption will be 
discussed in greater detail later. 

For the lessee, the financial analysis of lease versus purchase is quite simple: 
determine the yearly cost of each, discount to present value, and make the 
selection based on minimizing the present value of the cash outflows. But a word 
of caution is necessary. We have assumed the project is mandatory and must be 
included as an acquisition, whether it be purchased or leased. The decision we 
are presently examining is therefore one of financing rather than of capital 
expenditure. Thus, we ignore cash inflows from operations and rather seek to 
minimize the present value of the outflows over the project’s life. The method¬ 
ology for comparison is demonstrated in Example 1. 

□ EXAMPLE 1 Lease Versus Purchase (Financing Decision) 

Assume a machine may be purchased by a lessee for $60,000, financed through a 
12% bank loan, and depreciated using ACRS rates over its 3-year economic life. The loan 
would be paid back in three annual installments. The firm’s cost of capital is 18%, a 20% 
rate is used to discount the residual value, and the marginal tax rate is 48% (federal and 
state). If leased, the rental would be $21,510 (if paid in advance) or $28,000 (if paid at 
the end of each period). At the end of its economic life, the asset has a residual value of 
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$2,000, and the tax rate applied to the residual is also 48%. Determine the NPV’s of the 
three alternatives: lease with start-of-year payments, lease with end-of-year payments, 
and purchase, assuming that operating costs are the same whether the machine is leased 
or purchased. 

Solution: First, consider the lease with start-of-year payments. The NPV is found as 
shown, using a 6.24% discount rate and a 48% tax rate. The 6.24% represents the 
after-tax interest cost of debt [0.12(1 — 0.48)]. 

NPV = $21,510(1 - 0.48) + $21,510(1 - 0.48)(l .827303) 

= 11,185+ $20,439 
= $31,624 

Next, consider the lease with end-of-year payments using the same 6.24% discount rate. 
NPV = $28,000(1 - 0.48)(2.661325) 

= $38,749 

Last, consider the purchase. Based on a depreciable value of $60,000 the annual 
depreciation is as follows: 


(O 

(2) 

(3) 

W 

Period 

Cost of Asset 

ACRS Rates 0 

Cost of Recovery 
(2) X (3) 

1 

$60,000 

.25 

$15,000 

2 

60,000 

.38 

22,800 

3 

60,000 

.37 

22,200 

Total 


1.00 

$60,000 


a See Chapter 10, Table 10-1. 

The loan schedule is the amount needed to amortize the $60,000 over a 3-year period at 
12% (Appendix C, column 6): 

loan repayment = $60,000(0.416348) 

= $24,981 

The loan schedule appears in tabular form as follows: 


Period 

Repayment 

Interest 

Principal 

Balance 

1 

$24,981 

$ 7,200 

$17,781 

$42,219 

2 

24,981 

5,066 

19,915 

22,304 

3 

24,981 

2,676 

22,305 

0 

Total 


$14,942 

$60,000 



The loan interest payments and depreciation represent tax-deductible expenses (as 
would operating costs, which are not considered in this example). The yearly cash 
outflows are determined in tabular form as follows: 



O) 


(3) 

W. 

Period 

Principal Payment 

Interest 

Cost Recovery 

Tax Shield 
(2) + (3) X 0.48 

1 

$17,781 

$7,200 

$15,000 

$10,656 

2 

19,915 

5,066 

22,800 

13,376 

3 

22,305 

2,676 

22,200 

11,940 
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( 5 ) (6) (7) 

Cash Outflow Discount Factor, 6.24% Present Value 

(1) + (2) - (4) _ (5) x ( 6 j 

$14,325 0941280 $13,484* 

11,605 0.886022 10 282 

13,041 0.834022 10,876 


NPV = $34,642 

The present value of the outflow is $34,642; the PV of the salvage is $602 
[$2000(1 - 0.48) X 0.578704], so the PV of the net cash outflow is $34,040 if the machine 
is purchased. In this case, purchasing is superior to a lease contract calling for end of year 
payments but less appealing than the lease contract with start-of-year payments. □ 

The discount rate used in lease versus purchase analysis is a very controver¬ 
sial issue. How do we justify the use of the after-tax cost of debt capital as the 
appropriate discount rate? The choice depends upon the assessment of risk. The 
following considerations weigh heavily in our choice: 

1. In this particular problem, the capital budgeting question has already 
been decided. The project is required. The expenditure is nondiscretionary. As 
such, the question is one of financing. 

2. If the firm as a whole reasonably expects to generate sufficient taxable 
income from its overall operations to use all tax deductions, tax shields are to be 
discounted at a low rate, since they are virtually risk-free. 

3 . The lease would enable management to avoid uncertain (risky) operating 
expenses; these amounts should also be discounted at a lower rate. In fact, the 
idea that a lease enables a firm to avoid risk leads some authorities to suggest a 
discount rate even lower than the risk-free rate, but, as a practical matter, debt 
cost is a reasonable approximation. 

4. Some lease arrangements include lease payments that are contingent on 
future performance or other events; other leases are readily cancelable at the 
option of one or the other party. These types of situations also impact the choice 
of a discount rate. For example, a cancelable lease may actually be less 
burdensome than debt, since the face amount may be an upper limit with the 
lessee able, if necessary, to cancel and avoid losses. Here, the after-tax cost of 
debt might be too high a rate of discount. 

5. The salvage value proceeds are generally a very uncertain amount, and 
if so, we logically discount them at a higher rate than the firm’s average cost of 
capital. The rate reflects the firm’s judgment about the estimate of the amount 
that can probably be recovered from the asset. 

In Example 1, we ignore potential differences in operating costs with leasing 
versus purchasing. Frequently, because of economies of scale, such operating 
costs may differ, depending on whether an ^sset is leased or purchased. If 
differences do exist, they must be considered as a part of the decision process. 
The methodology is shown in Example 2. 

□ EXAMPLE 2 Lease Versus Purchase (Financing Decision) 

Assume the same conditions as Example 1, except assume there is a $1,000 yearly 
operating cost associated with ownership, but not with leasing. Consider lease payments 
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made at the start and at the end of each year and determine the advantage of lease versus 
purchasing. 

Solution: The solution is shown in tabular form below. Note that the figures used in 
column (10) for Case I (after-tax lease cost) are found by multiplying the lease payment 
of $21,510 by 1 minus the marginal tax rate; similarly, the figures in column (8) for Case 
II result when $28,000 is multiplied by 1 minus the tax rate. Note also that when lease 
payments are made in advance, there is an advantage to leasing in this example, whereas 
if the payments are made at the end of the year, the advantage is in ownership. 


Case 1: Lease Payment Made in Advance 


(!) 

(2) 

(3) (4) (5) 

(6) 

Period Loan Payment 

Interest 

Principal Balance Cost Recovery 

Operating Cost 

0 — 

1 $24,981 

$7,200 

$17,781 $42,219 $15,000 

$1,000 

2 24,981 

5,066 

19,915 22,304 22,800 

1,000 

3 24,981 

2,676 

22,305 — 22,200 

1,000 

(7) 

W 

(9) 

(10) 

Tax Deduction 

Tax Shield 

Net Ownership Cost After-Tax Lease Cost 

(2) + (5) + (6) 

48% of (7) 

(!) + (6) - (8) 


_ 

_ 

— 

$11,185 

$23,200 

$11,136 

$14,845 

11,185 

28,866 

13,856 

12,125 

11,185 

25,876 

12,420 

13,561 

— 

(10 


(12) 

(13) 

Advantage to Ownership 

Discount Factor (K d — 6.24 %) 

PV to Own 

(10) ~ (9) 



(11) X (12) 

$11,185 


— 

$11,185 

- 3,660 


0.941280 

- 3,445 

940 


0.886022 

- 833 

- 13,561 


0.834022 

-11,310 

2,000 salvage X (1 - 

0.48) 

0.578704 (K s - 20%) 

602 



Advantage to leasing - $3,801 


Case II: Lease Payment Made at End of the Period 


Period 

(1) 

Loan Payment 

(2) 

Interest 

(3) (4) 

Principal Balance 

(5) 

Cost Recovery 

1 

$24,981 

$7,200 

$17,781 $42,219 

$15,000 

2 

24,981 

5,066 

19,915 22,304 

22,800 

3 

24,981 

2,676 

22,305 — 

22,200 

(6) 



(3) 

(9) . 

Operating Costs Tax Deduction 

Tax Shield 

Net Ownership Cost 


(2) + (s; + (6) 

48% of (7) 

(1) 4- (6) - (8) 


$ 1,000 

1,000 

1,000 


$23,200 

28,866 

25,876 


$11,136 

13,856 

12,420 


$14,845 

12,125 

13,561 
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( 10 ) 

After-Tax Lease Cost 

$14,560 

14,560 

14,560 


on 

Advantage to Ownership 

QQ) - (9; 

-$285 

2,435 

999 

2,000 salvage X (1 — 0.48) 


( 12 ) 

Discount Factor (K d — 6.24 %) 

0.941280 “ 

0.886022 

0.834022 

0.578704 (K s = 20%) 


Advantage to ownership 


(13) 

PV to Own 

on x (i2) 
-$268 
2,157 
833 
602 
$3,324 


In Case I, since the NPV of ownership is negative, the leasing alternative represents 
the less costly method of financing, whereas in Case II, the reverse is true. □ 


The solution methodology demonstrated in Example 2 may be reduced to 
equation form by noting that the cost of the borrow-and-purchase alternative is 
the sum of the loan payments for each period plus operating expenses less 
interest, depreciation, and operating-expense tax shields, less the after-tax salvage 
value discounted to present value at a discount rate appropriate to the cash 
flows. The cost of borrowing and purchasing is expressed in Equation (1): 


N 

cost to purchase = £ 

t=i 


P4-O t -{l l A-D t + O l )t r 


(1+K s ) n 


( 1 ) 


where P— loan payment: interest and amortization of principal 
L t — lease payment in period t 
I ( = interest payment in period t 
D t — cost recovery in period t 

O t = incremental operating costs of ownership in period t 
t c = firm’s marginal tax rate on ordinary income 

t g — tax rate applicable to the disposal of assets (see Chapter 10, Examples 
3 and 4) 

&n ~expected cash value of asset in period N 
B = book value of asset in period N 
K d =explicit after-tax cost of new debt capital 
K s = discount rate applied to residual value of the asset 


Similarly, the cost to lease is the sum of the after-tax lease payments discounted 

l The next section including Equations (1) through (3), is based upon the article by R. W. Johnson 
Cn ’ " AnaIyS1S ° f the LeaSR or Buy Deci sion,” Journal of Finance, 27 (September 


392 Part VII: Selected Topics in Capital Budgeting 


( 2 ) 


by the after-tax cost of debt capital, as expressed in Equation (2): 

cost to lease n l (\ — t ) 

with end-of- = Y - - ~ t 

period payments f-i 0 + K-d) 

If lease payments were made at the start of each period, we would sum from 
t = 0 to t = N- 1. This would have the effect of reducing the lease payment, as 
was demonstrated in Examples 1 and 2. 

In many instances the question of lease versus purchase is not limited to a 
financial decision as was the case in this section. Rather, all alternatives must be 
examined to ascertain whether the project is acceptable based on its merits, and 
then the most advantageous method of securing it determined. 


LEASE VERSUS PURCHASING AS A CAPITAL BUDGETING DECISION 


In our discussion of lease versus purchase as a financing decision, we 
indicated that the capital budgeting decision had been made or the acquisition 
was mandatory and our concern lay in selecting the optimum mode for 
financing. Thus, we presumed conditions of certainty as to the financing and 
lease payment cash flows, and discounted them at the after-tax cost of debt. By 
contrast, if the firm were considering the lease proposal as a distinct capital project to be 
ranked against all other projects , the cash flows would not be considered certain. Sales and 
operating costs change , tax rates and the like change frequently with business conditions , and 
sometimes lease payments also vary with business conditions. In this case , the financial 
manager would discount the separate cash flows of ownership or leasing at a rate appropriate 
to the level of risk. 

Moreover, it is axiomatic in capital budgeting that the return on investment 
be computed independently of the cost of financing. Yet in Example 1, interest 
charges were explicitly included in the ownership calculations. The reason for 
including interest in the calculations was the need to find the difference in the after-tax cash 
flows between the leasing and borrowing alternatives. The project had already been accepted , 
and that decision was made independently of financing. We had to look directly to those 
cash flows which would affect the financing decision. By contrast, in Example 2, 
we view the question of purchase or lease as two distinct, independent, and 
mutually exclusive projects. Further, it is not necessary to make any assumption 
of borrowing to meet the purchase price of the asset. These modifications change 
the structure of the calculations in three ways: 

L It is necessary to calculate the difference between net present value of 
ownership and the net present value of leasing as a basis for the decision. 

2. The approach follows the general rule in capital budgeting of separating 
the return on a project from the cost of financing: specifically, we delete the 
interest charges from the costs of ownership in determining net present value. 

3. Allowance is made for the uncertainties of the operating cash flows, tax 
shields, and residuals by discounting the first two by the firm’s cost of capital and 
the latter by a rate appropriate to the risk level. 2 

2 The cost of capital would be applied for projects having the same degree of risk as the firm overall. 

For projects of differing risk, adjustment would be made as indicated in Part IV. 
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The net present value anticipated from purchase of the asset , then, is the sum of the 
present value of the net after-tax operating profits (revenues less operating costs) plus the 
discounted after-tax cash proceeds from salvage less the cost of the asset. Similarly, the net 
present value of the leasing project would be the present value of the revenues less the lease 
payments and other costs, if any, associated with leasing. In comparing the net present values 
of the two alternatives, the revenues are assumed to be the same in both cases, which allows 
their deletion from the analysis. 

In practice, two steps are required. We first determine whether the project is 
acceptable if purchased using the methodology outlined in Chapter 6. Then we 
compare the net present values of ownership versus leasing using Equation (3): 

ANPV = NPV(purchase) - NPV(lease) 

_ £ f c( A) ~ QQ ~ O $N ~ (ffv ~ 

'=1 (1 +K)‘ (1 +K s ) n (3) 

-c+ £ ~O 

where A NPV = difference between NPV (purchase) and NPV (lease) 

K = firm’s marginal cost of capital 

Excluding revenues from both NPV calculations, the net present value of 
ownership is the sum of depreciation tax shield, t c {D t ), less the after-tax 
operating costs, 0,(1 ~ O. for each period discounted at the firm’s cost of capital 

/ fIi S ^ after “ tax salva ge, S N ~ ( S n ~ B)t g , discounted at some higher rate 
{K s ) less the cost of the equipment (C). The present value of leasing in the 
comparison (again excluding revenues) is the sum of after-tax rental for each 

Lt( i ~ tc)y dlscounted at the cost of debt capital (K d ). This amount is 
added to the present value of ownership, since it represents a negative NPV 
because the lease involves exclusively cash outflows. If ANPV is positive 
purchasing is preferred, while if ANPV is negative, leasing is preferred. 

The process of deciding between purchasing and leasing is demonstrated in 
Examples 3 and 4. In Example 3 we examine only the purchase, while in 
Example 4 we determine the difference in the purchase and lease costs using 
Equation (3) to determine which is preferable. 


□ EXAMPLE 3 Purchase Decision 

A corporation may purchase or lease equipment costing $60,000 and having a 

!u V UC ° f S2,0 ° a K purchased > the cost of th e equipment would be recovered using 
e ACRS rates over its 3-year life. If leased, the lease payment would be made at year’s 

K nd «?n non 6 ^ wouldbe /28,000. In either case, operating revenues would be increased 
Zl ™ ,000 PCT y 2I r and ’ lf the equipment 1S Purchased, operating costs would increase by 
$5,000 per year. The corporation’s marginal tax rate is 48% (combined federal and state)- 
its cost of capital, 20%; its after-tax cost of debt, 10%; and the risk-adjusted discount rate 
tor salvage, 25%. The marginal tax rate also applies to the residual value. Assume, for 

Mm/ C ° f S T pllClty ’ that the mvestmen t tax credit is not applicable. Determine the 
NPV of the purchase. 
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Solution: The changes in the corporations 
tabulated: 

income statement 

and cash flows are 

Changes in Corporation's Income Statement 



Period 1 

Period 2 

Period 3 

Revenues 

Operating expenses 

Cost Recovery 

Earnings before taxes 

Taxes at 48% 

Earnings after taxes 

$30,000 

- 5,000 

- 15,000 
$10,000 
$ 4,800 
$ 5,200 

$30,000 

- 5,000 

- 22,800 
$ 2,200 

1,056 
$ 1,144 

$30,000 

- 5,000 

- 22,200 
$ 2,800 

1,344 
$ 1,456 

Change in Corporation's Cash Flows 



Period 1 

Period 2 

Period 3 

Cost Recovery 

Earnings after taxes 
Cash flow 

$15,000 

5,200 

$20,200 

$22,800 

1,144 

$23,944 

$22,200 

1,456 

$23,656 

The cash flows are shown discounted to present value below. The 20% rate is applied to 
the operating cash flows, while 25% is applied to salvage value. 

Time Amount 


Discount Factor 

Present Value 

Present — $60,000 

1 20,200 

2 23,944 

3 23,656 

3 Salvage 2,000 (1 - 

0.48) 

1.000000 

0.833333 

0.694444 

0.578704 

0.512000 (at 25%) 

-$60,000 

16,833 

16,628 

13,690 

532 

NPV =-$12,317 


Since the NPV of purchase is negative, the purchase is unacceptable. However, the lease 
may be acceptable. This determination is made using Equation (3). ^ 


□ EXAMPLE 4 Lease Versus Purchase Comparison 

Using the information provided in Example 3, determine the A NPV of the lease and 
purchase employing Equation (3). 

Solution: Employing Equation (3) in a sequential manner, we have the following: 

£ ~!A = ($7,200 - $2,600)(0.833333) 

,_i (1+A:)' +($10,944- $2,600)(0.694444) 

+ ($10,656 - $2,600)(0.578704) 

= $14,290 

~ = $2,000 X (1 - 0.48) X 0.512 = $532 

C=860,000 
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^ 40-0 

<-i (1 + K V ® 28,000 ( 1 ~ 0.48)(0.90909l) + 28,000(1 - 0.48)(0.826446) 
M d ’ +28,000(1 -0.48)(0.751315) 

= $13,236 + $12,033 + $10,939 
= $36,208 

ANPV = $14,290 + $532 - $60,000 + $36,208 
= -$8,970 

The negative A NPV means that leasing is preferable to purchase. □ 


The analysis illustrates the impact of choosing discount rates unique to the 
cash flows of ownership and leasing. A higher degree of risk surrounds the cash 
Hows associated with ownership; therefore, these are discounted at the firm’s cost 
of capital and at higher rates for salvage values. The lease cash flows, supported 
by contractual agreements, are discounted at the after-tax cost of debt capital. 

In summary, if management has determined to acquire a project or if it is 
mandatory, the essential problem is to determine the lowest cost of financing 
This problem was examined in the previous section. If, however, there is no 
presumption, the analysis looks at two mutually independent projects: one to 
purchase, the other to lease. Then, these projects are evaluated with all other 
projects being considered using the techniques detailed in Examples 3 and 4 
However, Equation (3) must be interpreted with care. It is possible that the 
asset acquisition may have a negative NPV whether purchased or leased. It may 
not be desirable to management on any grounds. Nonetheless, Equation (3) is 
valuable because it will always indicate the least undesirable alternative 


CALCULATING THE MAXIMUM LEASE PAYMENT 

Before entering upon the negotiation of a lease, the prospective lessee should 
estimate the maximum lease payment he or she can economically afford, above 
which purchase becomes the more viable alternative. With this sum in mind, the 
key variables discussed earlier may be negotiated. 

As a general rule, the maximum lease payment is that charge which has a 
present value equal to the present value of the ownership cost. Example 5 
illustrates the specific analysis. 


□ EXAMPLE 5 Calculation of Maximum Lease Payment 

Assume a lessee has the following data available for consideration: 

Cost of the equipment (C) $60,000 

Salvage value (S) $2,000 

Asset cost recovery ACRS rates 

Operating costs of ownership (0) $1,000 
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Assumed equivalent bank loan, $60,000 at 12% for 3 years, before tax 


Equipment life 3 years 

Cost of capital (K), after tax 10% 

Discount factor applied to residual (K s ), after tax 20% 

Marginal ordinary tax rate (t c ) 0.50 (combined federal and state) 


Determine the pretax lease payments that will equate the present value of leasing and the 
present value of ownership. 

Solution: The cost of ownership in each period is the loan payment plus the 
operating expenses less the tax shield provided by the interest, depreciation, and operat¬ 
ing-expense tax deductions and in the final period less the after-tax residual value 

recovered. _ , . , t 

Each period’s net-ownership cost is then discounted at the firm s after-tax cost ot 
debt and the residual is discounted at the given rate. The sum of these positive and 
negative flows is the present value of the cost of ownership. 


(1) (2) (3) (4) 

Period (t) Loan Payment (L) Interest (I) Cost Recovery (D) Operating Cost (0) _ 


1 

$24,981 

$7,200 

$15,000 

$1,000 

2 

24,981 

5,066 

22,800 

1,000 

3 

24,981 

2,676 

22,200 

1,000 

(5) 

(6) 

(7) 


(S) 

Tax Deduction 

Tax Shield 

Net Ownership Cost Discount Factor / K d (l t 

(2) + (3) + (4) 

0.50 X (5) 

(1) + (4) - (6) 



$23,200 

$11,600 

$14,381 


0.943396 

28,866 

14,433 

11,548 


0.889996 

25,876 

12,938 

13,043 


0.839619 


( 9 ) 

Present Value of Ownership 

( 2 ) X ( 8 ) 



$13,567 


10,278 


10,951 

Total 

$34,796 

Less: 


Present value of 


residual = 


$2,000 X (1 - 0.50) X 0.578704 

578 

Present value of ownership 

$34,218 


The after-tax lease payment of each period (R) is multiplied by the interest factor for 
the after-tax cost of debt (K d ). The sum of the products is a discounted divisor 
representing the equivalent present value of leasing. Dividing this figure into the present 
value of ownership gives the after-tax lease payment. Dividing this payment by one minus 
the marginal tax rate yields the pretax rental, which constitutes the leasing alternative 
with the same present value as ownership, or the equivalent present value of leasing. This is the 
maximum lease payment the lessee should be willing to pay. A higher lease payment 
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makes ownership more attractive. As a corollary, the lessee should bargain for a lower 


Year 


0) 

After-Tax Rental 


( 2 ) 

Discount Factor 


0.943396 

0.889996 

0.839619 


(3) 

Present Value of Leasing 
0 ) X (2) 
0943396# 
0.889996# 
0.839619# 
2.673011# 


pretax lease payment 


present value of ownership — present value of leasing 
$34,218 = 2.673011# 

$12,801 = # (after-tax lease payment) 
after-tax lease payme nt $12,801 
(1-0 (1 -0.50) 

_ $12,801 
0.50 

= $25,602 

$25 602 C leSSeC Sh ° Uld 3ttempt *° neg ° tiate ^ fr ° m ‘ he maximum 'ease payment of 


SUMMARY 

• T 16 USe . °/ * eas ™8 ^as grown extensively in recent years and for many firms 

jt offers a viable alternative to purchasing. As such, it is necessary to examine 
leasing as an important part of the capital budgeting decision process 

In this chapter we examined the various advantages of leasing, types of 
leases, and legal aspects of leasing. Then we analyzed the lease-versus-purchase 
decision, first as a. financing decision when the assets involved represented 
mandatory expenditures, and later as a capital budgeting decision involving 
discretionary expenditures. 


QUESTIONS/PIlOBlEMS 


1. The Mather Construction Company is considering purchasing or leasing a new crane 
whose purchase price is $75,000. The lease would run 10 years, the estimated life of the 

« 7 3 ?nn « COmp t an J pur f has f the CTan <=, they have projected its salvage value to be 
$7,500, Because of the high nsk of the assigned salvage value, a 20% discount will be 
applied. The company s cost of borrowing is 12% and is in a 50% marginal tax 
bracket. The company uses ACRS rates. 5 

If the company leases or buys, operating costs will be the same for the company 

■n, t t T agr T e "*°^ tW ° plans of 10 e£ l ual P^ments: (1) payment at the 

«ffnoo each year f ° r ® 10 ’ 000 per V ear ; (2) payment at the end of each year for 
1,000 per year. 7 
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Determine the NPV’s of the three alternatives: lease with start-of-the-year pay¬ 
ments, lease with end-of-the-year payments, and purchase using 10 equal annual 

? The Castaway Corporation makes disposable diapers in northeastern Pennsylvania 
and markets them locally. Recently, the market for Castaway Diapers has expanded so 
that they now need a fleet of 15 trucks for distribution purposes. The president is very 
traditional and believes in ownership of all equipment necessary to production and 
distribution; however, the finance department recommends an evaluation of leasing. 
Castaway will retain all drivers of the trucks regardless of the decision, and this will m 
no way affect the outcome of the decision. 

Castaway knows that if they purchase the trucks at $36,000 each, they can 
finance it through the First National Bank of Smalltown at 9% interest paid in five 
equal annual installments of the purchase price. They can depreciate the trucks using 
ACRS rates. The firm’s cost of capital is 12%. Salvage on the trucks ,s calculated on 
the basis of low mileage in the neighborhood of 80,000 miles, which will be $9,000 at 
the end of 5 years. As Castaway is uncertain as to what the mileage will actually be, 
they will assign the salvage a slightly higher discount rate at 15%. Maintenance on the 
truck will be 5$ per mile, with an additional $606 per year for licensing fees. 

Penske Leasing has offered Castaway an operating lease for the 15 trucks at 
$169 594.35 if paid in arrears for their 5-year life or $162,358.50 per year if paid in 
advance. The terms of the lease cover all services, including tires and towing charges 

All calculations are made on the basis of a 52-week year and 80,000 miles on the 
total 15 trucks. Castaway is in the 48% tax bracket (combined federal and state). 

Determine which alternative would be the wisest choice. Show all work in tabular 
form. If leasing appears to be a viable alternative, explain why that jf tme^ 

3 The I-GOT-YA Company is considering purchasing a computer for $500,000. JLt tney 
purchase the computer, a 14% loan must be taken out with the WE-GRAB-YOUK- 
MONEY Bank. Loan payments are required at the end of each year. 1-GU1-YA 
Company uses ACRS rates for assets having a 5-year life. The computer is estimated 
to have a 5-year useful life with a salvage value of $20,000. I-GOT-YA anticipates 
some risk in the assigned salvage value, so a 20% discount factor is utilized in their 
lease vs. purchase analysis. Concurrently, the WE-LEASE-IT-ALL Company has 
offered to lease the same equipment to I-GOT-YA for 5 years, with the following terms 
and conditions: 

1. No maintenance expense required by I-GOT-YA. 

2. Annual rental of $117,523 if paid at the beginning of each year. 

3. Annual rental of $130,276 if paid at the end of each year. 

If I-GOT-YA purchases the computer, they must incur an additional Sl^tAJU ot 
maintenance expense in addition to depreciation. The marginal tax rate for I-GO1 -YA 

is 48%. . j, 

(a) Calculate I-GOT-YA Company’s depreciation tables for years 1-b. 

(b) Set up a loan schedule for I-GOT-YA’s $500,000 loan. 

(c) Determine the advantage/disadvantage of lease versus purchase considering rental 
payments at both the end and the beginning of each year. 

4. Garrbadge Corporation is about to acquire a new piece of^production equipment 
costing $100,000. The firm has the choice of borrowing the $100,000 at 10%, to be 
repaid in 10 annual installments of $16,273 each, or of leasing the machine for 
$16,500 per year, with payments at year-end. (Under the lease arrangement the firm is 
paying a 10% implicit interest rate; this is the rate the lessor is earning.) The machine 
will be used for 10 years, at the end of which time its estimated salvage value will be 
$10,000. If the firm leases the equipment, maintenance cost is included in the lease 
payment; but if it purchases the machine, it must spend an estimated $2,000 a year on 
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maintenance. (Note: The decision to acquire the production equipment was made 
previously as part of the capital budgeting process.) Determine whether the equipment 
should be leased or purchased if the effective income tax rate for the firm is 35%. The 
average after-tax cost of capital for Garrbadge Corporation is 10%, and the firm uses 
ACRS depreciation. 

5. U.S. Motors is considering the acquisition of retooling equipment to regain its share of 
the market. Before entering upon lease negotiations, the vice president and treasurer 
wish to know the maximum rental U.S. Motors can afford to pay. The facts of the case 
are: cost of the equipment, $200,000; salvage, $6,667; operating cost of ownership, 
$10,000 per year; term of lease, 10 years; discount factor applied to salvage, 20% after 
tax; cost of new debt, 12% before tax; marginal tax rate, 48%. What is tbe maximum 
lease payment U.S. Motors will pay if rents are payable at the end of the period? 

6. Assume a manufacturer has an order to produce 400,000 units on a certain type of 
equipment. The order represents the limit of his production capacity. The equipment 
can be produced on one or any combination of three machines which the firm can 
rent. The data on each machine is as follows: 



Machine A 

Machine B 

.Machine C 

Present value of contribution 




margin 

$200,000 

$195,000 

$190,000 

Production capacity 

45,000 

40,000 

30,000 

Annual rental cost 

60,000 

50,000 

55,000 

Annual maintenance 

2,000 

3,500 

1,000 

Labor requirements 

3 

4 

1 

Plant capacity 

160 

200 

240 


The firm has approximately $500,000 of working capital to cover annual rental 
charges. Thirty workers can be trained to operate the leased equipment. Annual 
maintenance costs are budgeted at $30,000. The available plant capacity is set at 
2 , 000 . 

(a) Set up the objective function and constraints to obtain an LP solution indicating 
the number of units of one or a combination of machines to be leased! 

(b) Run your program to determine optimal solution. 

(c) Run a sensitivity analysis to determine the impact of lifting each constraint to the 
next highest total: for.example, 400,000 units to 500,000 or 30 to 40. 

(d) Using shadow prices, determine the needed increment in the contribution margin 
of the inferior lease agreements to make them attractive alternatives. 




Lease ANAlysis:Tk Lessor's Perspective 


Finance and accounting literature on leasing predominantly treats the position of 
the lessee. Professional journals mostly argue the merits of one particular 
financial model and the accounting presentation of leases in terms of the lessee’s 
objectives. On the other hand, the lessor must address a more-complicated set of 
issues under a greater variety of circumstances. From the perspective of the 
lessor, the lease may be unleveraged or leveraged and/or offered by a lessor- 
dealer or lessor-manufacturer. The number of parties involved may range from 
two to seven. The methods of lease evaluation are similarly more diverse, 
although the same key variables (described in Chapter 23) form the substance of 
the analysis. Yet, whatever the nature of the lease transaction, the essential 
question for analysis remains constant: What lease payment should the lessor 
charge to accomplish the firm’s objective of maximizing net present value? 


UNLEVERED LEASES—THE LESSOR-VENDOR 


Lessor-Dealer 

The lessor-dealer acquires an asset with the intention of leasing it. Rent-a-car 
agencies come readily to mind. The lessor does not manufacture the asset, 
although the firm may maintain the asset in operating condition. 

The lessor-dealer sets a minimum rental such that the present value of the 
after-tax rental cash inflows ( R t ) equals or exceeds the cost of the asset (C) less 
the present value of the investment tax credit (PV ITC ) less the present value of 
the salvage (PV S ) less the present value of the depreciation tax shield (PV DX ) 


400 
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plus the present value of the after-tax operating expenses (PV G ) related to the 
lease. Consistent with capital budgeting conventions, cash flows are displayed on 
an after-tax basis. 

The expression becomes: 

C-PV itc -PV s -PV dt + PV 0 =£ —£— (1) 

□ EXAMPLE 1 Determining a Lease Payment— Lessor-Dealer 

s writing a lease contract based upon the 

8 years 
10 years 
$2,000,000 

$400,000 (at the end of the lease) 

$200,000 (received at end of first period) 
50% (combined federal and state) 

15% (after tax) 

20% (after tax) 

$2,000 (paid at end of each period) 
Straight-line 


A lessor of construction equipment ii 
following data: 

Lease term ( N ) 

Asset life 
Asset cost (C) 

Residual value (S) 

Investment tax credit (ITC) 

Lessor’s marginal tax rate (t c ) 

Lessor’s marginal cost of capital (K MC ) 
Discount rate on salvage ( K s ) 

Operating expense (0) 

Depreciation method: 


What should the lease charge be in each case? 

(a) It is paid at end of each period. 

(b) It is paid at beginning of each period. 

Soltition: Based on Equation (1), we develop each of the necessary terms below. 
Present value of investment tax credit: 


PVitc = ITC X--- 

(l 4- # MC ) 


= $200,000 X--- 

(1 +0.15) 1 

= $200,000 X 0.86957 
— $173,914 

Present value of salvage or residual: 1 


PVs-SX 


1 

0+*s)* 


= $400,000 X--- 

(1 + 0.20) 8 

= $400,000 X 0.23257 
= $93,028 


( 2 ) 


(3) 


The economic life of the asset is 10 years. The term of the lease is 8 years. Depreciation is on a 
straight-line basis. Therefore, the residual value is $400,000 at the end of the eighth year which 
represents the remaining depreciation of $200,000 per year over the 10-year life of the asset. At the 
end or the tenth year there is no residual value. 
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Present value of operating expenses after tax: 


N 


pv 0 -o(i-i,)x£ 


( 4 ) 


(-1 (1 + k mc ) 


= $2000(1 — 0.50) X £ 


/= 1 (l + 0.15) 

= $1000 X 4.487322 
= $4,487 

Present Value of Depreciation Tax Savings: . , 

The asset is depreciated on a straight-line basis over the 10-year life stipulated in the 
problem data. The problem assumes the book value of $400,000 is the same as the 
estimated market value at the end of the 8-year lease. Therefore, at the end of the ten 
year, the asset has no book value and no salvage. 


annual depreciation = -$200,000 


PV 


DT 


10 

(DOxL 


(5) 


(=i (1 + Kmc) 
8 

($200,000 X 0.50) X X 


t =l (1 + 0.15) 

= $100,000 X 4.487322 
= $448,732 

Lease payment—if paid at the end of each period : 

Referring to Equation (1), 

N 

C- PV ITC - PVs - PV DT + PVo - E 


;=1 (1 + 

$2,000,000 - $173,914 - $93,028 - $448,732 4- $4,487 = R t X 4.487322 

$1,288,813 = 4.487322/?, 

$287,212 = R t 

The $287,212 is an after-tax lease payment. This must now be converted to the pretax 
lease payment, which will be paid by the lessee: 

R t (after-tax) 

0-0 


pretax lease payment = 
$287,212 


( 6 ) 


(1 - 0.50) 


= $574,424 pretax rental 


Rent if paid at the beginning of each period: 

We assume that all cash flows except salvage and depreciation tax savings are payable at 
the beginning of the period. Accordingly, Equation (1) is revised to allow for the new time 
sequence: 

N-l 

C — ITC — PV S - PVpT + PV G = f?, 11.0 + £ 


1 


i-i (1 + k mc ) 


0) 
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We revise the present value of operating expenses as follows: 


PV G = 0 ( 1-0 


N- 1 


1 . 0 + £ 


/-l (1 + K uc ) 


( 8 ) 


= $2,000(1 -0.50) 


1.0 


t-1 (1+0.15)' 


= $1,000[1.0 +4.160420] 

= $1,000X5.160420 
= $5160 

Then we complete Equation (7) to obtain the after-tax lease payment: 


$2,000,000 - $200,000 - $93,028 - $448,732 + $5,160 = /?, 


1 . 0 + £ 


t =l (1 + 0,15)' 

$1,263,400 = 1.0 + 4.160420/?, 
$1,263,400 = 5.160420/?, 

$244,825 = /?, 

Finally, we convert to obtain the pretax lease payment: 

/?, (after-tax) _ $244,825 


(1-0 (1-0.50) 


= $489,650 


were 


In summary, the lessor-dealer would post a rental of $574,424 if the cash flows 
payable at the end of the period or $489,650 if the cash flows, except as noted were 
payable at the beginning of the period. ’ g 


UNLEVERED LEASES-THE LESSOR-MANUFACTURER 


Lessor-Manufacturer 

As a manufacturer of the product, the lessor has the option of selling or 
leasing the equipment. Boeing may sell or lease aircraft. IBM and Xerox offer 
similar options. The lessor-manufacturer, furthermore, may decide to emphasize 
one or the other of the available options. He or she might, for example, stress the 
sell option by lowering selling price, increasing trade allowances, or lowering the 
cost of full-service maintenance agreements. Alternately, the lessor-manufacturer 
might induce leasing by offering longer-term lease plans or lower lease pay¬ 
ments. The decision to stress one or the other option depends upon the lessor- 
manufacturer’s financial and tax position in relation to the state of the economy 
and the lessee trade. In any event, the lessor-manufacturer must determine the 
minimum lease payment that would give him or her the same net present value as an outright 
sale. Armed with this analysis, the company has the basis for a policy decision. 

It is interesting to compare the lessor-manufacturer’s posture with that of the 
lessor-dealer described earlier. The major differences emanate from the tax laws 
and include the following: 
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1. Depreciation tax shield : The lessor-manufacturer who elects to lease includes 
only the manufacturing cost in calculating the tax shield. The anticipated profit 
on sale of the asset does not form a part of his or her depreciable base. On the 
other hand, a dealer who purchases the equipment for subsequent lease capital¬ 
izes the manufacturer’s profit included in the purchase price. The lessor-dealer s 
depreciable base consists of the purchase price plus work-up costs. The same 
holds for a conventional lessee making a decision to lease or purchase. 

2. Investment tax credit : The investment tax credit equals 10% if the asset is 
held for 5 years. The lessor-manufacturer applies the rate only against the 
manufacturing cost. Conversely, any purchaser enjoys a higher investment tax 
credit because the rate is applied against the manufacturer’s cost plus profit. 

3. Gain or loss on sale of asset: If the equipment is sold above its book value 
before its economic life is terminated, the IRS regards the excess as ordinary 
income for tax purposes. Since the depreciable tax base differs between the 
lessor-manufacturer and the purchaser, the tax obligations of the two parties also 
differ. 

Financial analysis of the lessor-manufacturer’s decision proceeds through 
three steps: 

1. Determine the net present value of outright sale . This is the selling price less the 
cost of producing the asset multiplied by one minus the firm’s marginal income 

tax rate. . 

2. Determine the net present value of the cost of leasing. The NPV of the leasing 
cost will equal the negative outflow of the asset cost to the manufacturer plus the 
present value of the investment tax credit inflow plus the present value of the 
depreciation tax savings plus the present value of the after-tax salvage value 
inflow. 

3. Determine the annual lease payment that will give the same net present value as 
selling the asset. The NPV of outright sales will equal the net present value of 
lease cost plus the net present value of the annual lease payments. 


□ EXAMPLE 2 Determining a Lease Payment— Manufacturer-Lessor 

Assume the following data for a manufacturer who has the option to sell or lease a 


product. 

Selling price of asset (5) 
Manufacturer’s cost (C) 

Marginal tax rate (t c ) 

Cost of capital (K uc ), after tax 
Manufacturer’s cost of new debt (K d ), 
after tax 

Investment tax credit (ITC) (payable 
at end of period 1) 

Depreciation: ACRS 
Length of lease 
ACRS write-off period 


$500,000 

200,000 

0.50 (combined federal and state) 
14% 

6 % 

0.10 

8 years 
10 years 


Determine the net present value of pretax lease rental that will have the same net 
present value as outright sale. 
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Solution: The net present value ( NPV ) of an outright sale equals the net selling price (S) 
less the cost of manufacturing the asset (C) times one minus the firm’s marginal tax rate 
(! “*<-) and then discounted back one period under the assumption that all cash flows 
take place at the end of year 1. 

MPv-i i^X-O 

('+*«) ’ 

($500,000 - $200,000)(1 - Q.5Q) 

(1 +0.14) 1 

$150,000 

1.14 

= $131,579 

The NPV of the leasing corf equals the cost outflow of the asset to the manufacturer (C) 
plus the present value of the investment tax credit (PV ITC ) plus the present value of the 
,p? / reC f tIOn taX savmgs (PVot) plus the present value of the after-tax salvage value 

(* Ys)- 

NPV of lease cost = -C+—2^—+ f — + (£zJ!)(LlL2 

(i+^y <=-(i+^y ( 0) 

Calculating the components, we have: 

ITC = $200,000 X 0.10 = $20,000 

and, under the assumption that the benefits of the ITC will be received at the end of 1 
year, 

PV = ITC = $20,000 
ITC (1 +K d )' (1+0.06) 1 

= $18,868 

and the cost recovery tax shield: 

PV -MC =1-7^7 (ID 

;=i (1 + K d ) 

Then, we have the following: 


(O 


(3) 

(4) 

(5) 

Period 

Cost A CRS Percentage Cost Recovery 

Tax Deduction 





(4) X 0,50 

1 

$200,000 

0.09 

$ 18,000 

$ 9,000 

2 

200,000 

0.19 

38,000 

19,000 

3 

200,000 

0.16 

32,000 

16,000 

4 

200,000 

0.14 

28,000 

14,000 

5 

200,000 

0.12 

24,000 

12,000 

6 

200,000 

o.io 

20,000 

10,000 

7 

200,000 

0.08 

16,000 

8,000 

8 

200,000 

0.06 

12,000 

6,000 

9 

200,000 

0.04 

8,000 

4,000 \ 

10 

200,000 

0.02 

4,000 

2,000 J 




$200,000 

$100,000 


end of 
lease 


The after-tax cost of debt capital (K d ) is applied against the investment tax credit and depreciation 
tax savmgs due to the higher level of certainty surrounding these cash flows. 
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(6) 

Discount Factor 

(7) 

PV of Tax Savings 
(5) X (6) 

0.943396 

$ 8,491 

0.889996 

16,910 

0.839619 

13,434 

0.792094 

11,089 

0.747258 

8,968 

0.704961 

7,050 

0.665057 

5,320 

0.627412 

3,764 (lease ends) 


$75,026 

NPV of lease cost 

= -$200,000 + $18,868 + $75,026 


= -$106,106 

Minimum lease payment with the same net present value of outright sale: 
NPV of outright sale = NPV of lease cost + NPV of annual lease payments 
If NPV of annual lease payments equals 


«(i-OE 


t= 1 


1 


then, 

$131,579 — - $106,106 + 7?(l - 0.50)(6.209794) 

$131,579= —$106,106 + 3.10489747? 

$131,579 + $106,106 = 3.1048977? 

$76,552 = R (pre-tax rental) 

An annual lease payment of $76,552 on the proposed lease would yield the same NPV as 
an outright sale of the asset to the lessor-manufacturer. The lease payment represents an 
indifference point between the policy of leasing or selling. Armed with this insight, the 
manufacturer can work toward an optimal mix of sales and leases to achieve particular 
financial objectives. If the firm wishes to encourage leasing and charge a lease payment of 
$76,552, the manufacturer might increase the sales price of the asset. Should the 
manufacturer take the opposite tack, the firm might encourage sales by raising the rental 
above $76,552. ^ 


BARGAINING AREA BETWEEN THE LESSOR AND LESSEE 

In Chapter 23, we discussed the maximum lease payment the lessee should 
pay, above which ownership becomes the preferred alternative. In this chapter, 
we treat the minimum lease payment acceptable to the lessor. The two extremes 
define a bargaining area within which trade-offs can be negotiated on specific 
terms of the lease and/or the quality of the estimates of key variables tested. The 
lessee will bargain for a lease payment lower than the estimated maximum; the 
lessor, for a lease payment above the estimated minimum. 

But what are the limits to bargaining on any specific variable, such as 
depreciation, operating expenses, or residual value? Consider Example 3. 
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□ EXAMPLE 3 Determination of Bargaining Area 

iwf e .»d7o"5“^,r" “■ ” h “ “““i 

Tnt/ a i Wha ^’ S the P f Sent value ° f the income tax benefits to a potential lessor 

3 2 ° % C ° St ° f Capital; a 48% tax <*£ and federal) 
ALiKo write-off, and 10% investment tax credit. ’ 

(b) What is the annual lease payment equivalent of the present value of tax benefits 
calculated m part (a) (or what is the maximum amount of annuTlease navment 
reduction to be expected as a result of the lessor utilizing the tax benefits)? Y 

Solution: (a) Present value of tax benefits: 


To W. T. Poor Company $ 0 

To Lots-a-Lease Company 338,100 

Difference $338,’100 

Annual lease equivalent ( R ) $ 80,645 


Schedule A 

Present Value of Tax Benefits 


(Schedule A) 
(Schedule B) 


Investment Credit $100,000 

Depreciation Tax Shield 


(as below) 
Total 


0) 

(2) 

(3) 

(4) 



ACRS 

Cost 

Year 

Cost 

Percentage 

Recovery 

1 

$1,000,000 

0.09 

$ 90,000 

2 

1,000,000 

0.19 

190,000 

3 

1,000,000 

0.16 

160,000 

4 

1,000,000 

0.14 

140,000 

5 

1,000,000 

0.12 

120,000 

6 

1,000,000 

0.10 

100,000 

7 

1,000,000 

0.08 

80,000 

8 

1,000,000 

0.06 

60,000 

9 

1,000,000 

0.04 

40,000 

10 

1,000,000 

0.02 

20,000 




$1,000,000 


238,100 

$338,100 


(5) 


(7) 

Tax 

Discount 


Deduction 

Factor 

Present Value 

(4X0.48) 


(5) X (6) 

$ 43,200 

0.833333 

$ 36,000 

91,200 

0.694444 

63,333 

76,800 

0.578704 

44,444 

67,200 

0.482253 

32,414 

57,600 

0.401878 

23,148 

48,000 

0.334898 

16,075 

38,400 

0.279082 

10,717 

28,800 

0.232568 

6,698 

19,200 

0.193807 

3,721 

9,600 

0.161506 

1,550 

$480,000 


$238,100 


Schedule B 

Annual Lease Equivalent (R) 

$338,100 = R X Discount Factor for 10 years at 20% 
$338,100 ~ Rx 4.192472 
R - $80,645 


^ u W m T ' P ,°° r Com P an y ex P ects to have zero tax obligations, it would have a 
zero tax shield and no income tax against which the investment tax credit could be 
applied. Thus, they can in effect transfer these benefits to a profitable firm in exchange 
for lower leasing costs. The value of the tax shields to the lessee totals $338,100, or $80 645 
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annualized. The question for negotiation is how to split these benefits with W ' T - P °° r by 
reducing the lease cost to close the deal. However, the annual lease payment cannot be 
reduced by more than $80,645, for this would mean that Lots-a-Lease would 
the benefits of ownership. Because Lots-a-Lease uses its cost of capital (20%) to evaluate 
projects, thelease package would have to yield 20% to be considered favorably as a 
capital budgeting project. 

In sum, the lessee should probe the quality of the estimates attached to the 
variables that constitute the advantages of ownership: tax factors, the met o o 
depreciation, salvage values, the rationale of the discount factor, and so on. 
Adjusting the estimates of key variables can result in a lower lease payment. 
Similarly, the lessor might trade a lower lease payment for a longer-term lease 

and reduced uncertainty. . 

Once agreement is reached on the viability of the estimates, the present 
value of the significant variables to the lessor can be determined. This raises the 
question of whether any portion of the present value can be transferred in 
the form of a lower rental. The limits of the transfer process are reached when 
the lease has a lower net present value than outright sale. 


LEVERAGED LEASES 

Leveraged leases are generally found in capital-intensive industries such as 
airlines, railroads, metallurgy, and maritime shipping. Such industries have a 
heavy investment per employee but enjoy large tax write-offs in investment 
credits and depreciation. On the other hand, to take advantage of tax deduc 
lions, one must first earn a commensurate taxable income. Herein lies the main 

SP T^fS^ive firm that lacks suitable taxable income and seeks 
to expand its facilities. The firm will arrange with a manufacturer for equipment 
of a suitable design. After agreement on the equipment specifications, the asset is 
formally purchased (Figure 24-1) by an investor group (lessor)-commonly 
commercial banks or insurance companies and their corporate affiliates. 1 
investor-owners receive all the tax benefits associated with ownership and the 
residual values on termination of the lease. The investor-owners are m ax 
brackets where these deductions serve to reduce their effective tax rates. In brief, 
the company (now the lessee) has tax deductions, but not the offsetting income, 
the inves Jowners (now the lessor) have the taxable income but lack the 

deductions to reduce their effective tax rates. 

These tangible benefits to the lessor are further concentrated by leveraging 
the lease—splitting it into debt and equity portions. The lessor leverages equity 
by borrowing from 60% to 90% of the equipment cost from a long-term lender 
(generally an insurance company), who agrees to be repaid out of the ease 
payments over the period of the lease. The lender may be assigned the lease 
payments and given a lien on the equipment. Where this occurs, the lessors 
credit is no longer involved because recourse can be taken only against the lessee 
directly. The interest rate on the term debt, therefore, reflects the credit standing 
of the lessee, not the lessor. Thus, leveraging permits the lessors) to advance only 
a fraction of the capital required to purchase the asset, while retaining the fu 
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FIGURE 24-1 Participants in a Leveraged Lease Transaction 



Definitions: 

LESSEE (User)-The lessee selects the leased asset, makes the rental payments, 
and usually passes on the investment tax credit to the lessor, 

LESSOR-There may be more than one lessor, depending on the size of the transaction. 
It there is more than one lessor, the lessors are sometimes referred to as equity holders 
owner participants or owner trustees. 

OWNER-TRUSTEE-Holds the title to the asset for the benefit of the lessors. He issues 
trust certificates to the lessors evidencing their beneficial interest as owners of the 
leased asset. 

LENDERS-Lend the funds necessary to make up the full purchase price. (The Lessors 
must put up a minimum of 10% of the purchase price.) The loan is on a non-recourse 
basis to the lessor or owner trustee and is secured by a first lien on the equipment, by an 
assignment of the lease and an assignment of the lease rentals. 
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benefits of ownership. The investor group (lessor) looks for an investment in 
which its share of the lease payments plus the tax benefits yield a specified return 
on its fraction of the total investment. 

Leveraged leasing allows a lessee-company to recapture some of its lost tax 
benefits through a lower effective cost of financing; that is, the lease payments 
will be significantly less than the normal debt service. Under the lease arrange¬ 
ment, the company (prospective lessee) passes on the tax benefits it cannot use to 
a lessor who can use them. The lessor, in this case, can use the tax deductions 
more effectively because its marginal tax rate is higher (has a higher tax shield) 
than the lessee company. In turn, the lessor reciprocates by conceding the 
company a lease payment rate below the interest rate on the company s 
long-term debt. The calculation assumes, however, that the lessee’s effective tax 
rate will remain relatively low. If it should rise sharply, the company will miss 
the tax shelter it has conceded by foregoing ownership. The lease deal may turn 
sour when the deductions no longer have the desired impact on the effective tax 
rate. Just as the lessee’s rising tax rate might reduce savings and make the lease 
uneconomical, the lessor’s declining tax rate could eliminate its profit. 

Leveraged leasing transactions, therefore, are oriented toward tax savings 
rather than convenience. For example, it was estimated in 1983 that a company 
could obtain the use of equipment under a tax-oriented lease for a rate 3 to 4 
percentage points below its long-term borrowing rate. The lessee’s cost in some 
instances was only 1% or 2%; occasionally, equipment was leased at a negative 
interest rate. Such magnanimous terms result from sharing the tax benefits. But 
uncertainties abound. An investment that may look attractive at one time may 
prove a poor choice with a change in tax rates, interest rates, or income level. 

In evaluating the leveraged lease, we take the perspective of the lessor 
because the lessee’s position remains as described in Chapter 23. There are 
several approaches to evaluating the leveraged lease. One of the most common 
—because of its compatibility with the criteria of accounting presentation—is 
the multiple investment sinking fund method ( MISF ). This can be illustrated in steps 
by a series of sequential problems. 

□ EXAMPLE 4 

Assume a lessor plans to acquire an asset costing $2,000,000 (C) and put it out to 
lease. The lessor plans to borrow 80% of the cost, he would incur $30,000 in legal fees 
(LE), and would have an investment tax credit of 10%. What is the lessor s investment 
(/)?’ 

Solution: 

Gross investment at risk (GI) (0.20 X $2,000,000) 
less 

Investment tax credit (0.10 X $2,000,000) 

Net 

plus 

Legal expenses (LE) 

Lessor’s net investment at risk (/) 

Observe that the investment tax credit (ITC) is applied to the total cost of the asset 
(C), not to the investor’s equity (I). But the lessor, while committing $430,000 of his or 


$400,000 

200,000 

$200,000 

30,000 

$230,000 
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her own funds, receives the full $200,000 ITC. The cash flow of the lessor at this point is: 


Gash Outflows: 
(GI) 

(LE) 

Total 

Gash inflow (ITC) 
Net cash outflow 


$400,000 

30,000 

$430,000 

200,000 

$230,000 


□ EXAMPLES 

the leSS ° r pknS 3 10 ' year lease W and will depreciate the asset usin ? 
ACjKo, 5-year category. The lessor will amortize the nonrecourse loan ( P) over the full 
term of the lease (N). The loan has a coupon rate of 12% ( R ). 

(a) Determine the annual cost recovery. 

(b) Determine the annual repayments on the nonrecourse loan by setting up an 
amortization schedule. 


Solution: (a) Accelerated cost-recovery schedule: 


( 2 ) 

Cost 

$2,030,000 

2,030,000 

2,030,000 

2,030,000 

2,030,000 


(3) 

ACRS Percentage 
0.15 
0.22 
0.21 
0.21 
0.21 


Total $2 


(4) 

Recovery 

304,500 

446,600 

426,300 

426,300 

426,300 

,030,000 


(b) The interest factor on 12% loan for 10 years is 5.650. Therefore, the annual 
repayment is $1,600,000 -r 5.650 = $283,186. 

Loan Amortization Schedule 


(2) 

(3) 

(4) 

(5) 

Amortization 

Interest 

Principal 

Balance 

$283,186 


(2) ~ (3) 

P- (4) 
$1,600,000 

$192,000 

$ 91,186 

1,508,814 

283,186 

181,058 

102,128 

1,406,686 

283,186 

168,802 

114,384 

1,292,302 

283,186 

155,076 

128,110 

1,164,192 

283,186 

139,703 

143,483 

1,020,709 

283,186 

122,485 

160,701 

860,008 

283,186 

103,201 

179,985 

680,023 

283,186 

81,603 

201,583 

478,440 

283,186 

57,413 

225,773 

252,667 

283,186 

30,320 

252,866 a 


‘Excess of $199 due to rounding. 


□ EXAMPLE 6 

Assume the lessor will charge an annual rental of $300,000 payable at the end of the 
year. The marginal tax rate (t c ) is 48%. Using the data from Example 5a and 5b 
determine the lessor’s taxable income and tax liability. ’ 
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Solution: 

(!) ( 2 ) 

Year Rent 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 


(3) 

Cost Recovery 


(4) 

Interest 


(5) 

Taxable Income 

(2) -[(3) + (4)J 


( 6 ) 

Tax Payment 
(5) X 0.48 


$ 300,000 

$ 304,500 

$ 192,000 


$196,500 

—! 

$ 94,320 

300,000 

446,600 

181,058 

- 

327,658 

— 

157,276 

300,000 

426,300 

168,802 

- 

295,102 

— 

141,649 

300^000 

426,300 

155,076 

- 

281,376 

— 

135,060 

300,000 

426,300 

139,703 

- 

266,003 

— 

127,681 

300,000 

_ 

122,485 

+ 

177,515 

+ 

85,207 

300,000 

_ 

103,201 

+ 

196,799 

+ 

94,464 

300,000 

_ 

81,603 

+ 

218,397 

+ 

104,831 

300,000 

_ 

57,413 

+ 

242,587 

+ 

116,442 

300,000 

— 

30,320 

+ 

269,680 

+ 

129,446 

$3,000,000 

$2,030,000 

$1,231,661 

— 

$261,661 


$125,596 


The lessor’s interest concentrates on column (6). The negative values represent tax 
losses, which can be offset against taxable income from other sources The lessor, de facto is 
“purchasing” a series of tax losses for an investment of $230,000. In this respect, under 
the Economic Recovery Act of 1981, the lessor must be a corporation. No longer may 
individuals per se act as lessors in a leveraged lease or sale and leaseback transaction. □ 


□ EXAMPLE 7 

Because the lessor is looking for tax deductions, the negative values are really positive 
inflows i.e. tax reductions. The lessor’s cash flow equals the tax payments saved plus the 
actual cash received (the excess of rentals over debt service). For year 1, the computation 


becomes: 

less 

Rental 

Debt service 

$300,000 

283,186 



Net 

$ 16,814 

(Changing sign from 

plus 

Tax savings 

94,320 

minus to plus) 


Total 

$111,134 - 



Complete the conversion of the lessor’s cash flows. 


Solution: 


(0 

Period 


( 2 ) 

Cash Flows 


0 

Investment 

- $400,000 

0 

Legal fees 

- 30,000 

1 

ITC 

+ 200,000 

1 


+ 111,134 

2 


+ 174,090 

3 


4- 158,463 

4 


+ 151,874 

5 


+ 144,495 

6 


- 68,393 

7 


- 77,650 

8 


- 88,017 

9 


- 99,628 

10 


- 112,632 


Total 

+ $ 63,736 


After conversion of signs, the lessor’s cash flow is now a positive value. 
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□ EXAMPLE 8 

Assuming the cash flows from Example 7, a yield rate of 20% after tax during the 
years when the initial investment is being paid off, and a sinking fund earning rate of 
4.5% after tax, complete the given schedule. 


0) 

Period 

(3) 

Cash Investment 

Flows Balance 

(4) 

Investment 

Repay 

(2) ~ (5) 

Investment 
Earnings 
(3) X 0.20 

(V 

Sinking 

Fund 

(7) 

Sinking-Fund 
Earnings 
(6) X 0.045 

0 

- $430,000 a 0 

0 

0 

0 

0 

1 

4- 311,134 a $430,000 


$86,000 



2 

+ 174,090 





3 

4- 158,463 





4 

+ 151,874 





5 

4- 144,495 





6 

- 68,393 





7 

- 77,650 





8 

- 88,017 





9 

- 99,628 





10 

- 112,632 






+ $ 63,736 






a - $430,000 = / + LE = $400,000 + $30,000 (Period 0) 

+ $311,134 = ITC 4 - CF = $200,000 + $ 111,134 (Period 1) 


Solution: 


(O 

Period 

6?; 

Cash 

Flows 

(3) 

Investment 

Balance 

(4) 

Investment 

Repay 

(2 ) - (5) 

(3) 

Investment 
Earnings 
(3) x 0.20 

(6) 

Sinking 

Fund 

0 

Sinking Fund 
Earnings 
(6) X 0.045 

0 

1 

2 

- $430,000 

4 311,134 
4- 174,090 

0 

$430,000 

204,866 

0 

$225,134 

133,117 

0 

$86,000 

40,973 

0 

0 

3 

4 158,463 

71,749 

71,749 

14,350 

$ 72,364 

$3,256 

4 

4- 151,874 

0 

0 

0 

227,494 

i 0,237 

5 

4 144,495 

0 

0 

0 

382,226 

17,200 

6 

- 68,393 

0 

0 

0 

331,033 

14,896 

7 

- 77,650 

0 

0 

0 

268,279 

12,073 

8 

- 88,017 

0 

0 

0 

192,334 

8,655 

9 

- 99,628 

0 

0 

0 

101,361 

4,561 

10 

- 112,632 
+ $ 63,736 

0 

0 

0 

*0 


To summarize: 

1. The lessor has taxable income from other sources and needs tax deductions. Hence, tax 
losses of years 1 to 5 create cash inflows. If it were not for the savings of tax payments, the 
leveraged lease would have a negative net present value. 

2. The yield under MISF is 20%, while the lessor has an investment outstanding 
through period 3. The yield rate is 20% after tax. 

3. After the $430,000 investment is reduced to zero, the remaining cash flows 
accumulate as a sinking fund. The sinking fund earns interest at 4.5%. 

4. When the cash flows turn negative, the sinking fund is drawn down to cover the 
taxes. The sinking fund is reduced to zero by the end of the lease term. 

5. There is no change in the lessee’s method of evaluation. □ 

Two other methods of leverage lease evaluation fall into the traditional 
framework of net present value and the internal rate of return. We shall 
illustrate their application using the data from Example 8. 
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□ EXAMPLE 9 

Take the cash flows from column 2, Example 8, and the lessor’s equity investment, 
$430,000. Assuming the lessor has a cost of equity capital ( K e ) equal to 20%, what is the 
NPV? 

Solution: 


0) 

Period 

(2) 

Cosh Flow 

(3) 

Discount Factor a 

(4) 

Present Value 
(2) X (3) 

1 

+ $311,134 

.833333 

+ $259,278 

2 

+ 174,090 

.694444 

+ 120,896 

3 

+ 158,463 

.578704 

+ 91,703 

4 

+ 151,874 

.482253 

+ 73,242 

5 

+ 144,495 

.401878 

+ 58,069 

6 

- 68,393 

.334898 

- 22,905 

7 

- 77,650 

.279082 

- 21,670 

8 

- 88,017 

.232568 

- 20,470 

9 

- 99,628 

.193807 

- 19,309 

10 

- 112,632 .161506 

less 

Lessor’s equity at risk (/) 

Net present value 

- 18,191 

Total +$500,643 

430,000 
$ 70,643 


a Discount Factors taken from Appendix C. 


Observe that NPV would have been negative if cost of the asset (C) rather than the 
lessor’s equity (/) had been used in the computation. This is typical of leveraged leasing. 
The lessor’s risk investment is $430,000. 

The present value of the tax savings under the lease exceeds the present value of the 
tax liabilities by $500,643. For these tax savings, the lessor has paid $430,000. □ 

□ EXAMPLE 10: 

Using the data from Example 8, determine the internal rate of return. 

Solution: 


Internal Rate of Return on Equity Investment—40% 


0) 

Period 

(2) 

Cash Flow 

(3) 

Discount Factor 

(4) 

Present Value 
(2) X (3) 

1 

+ $311,134 

0.714286 

+ $222,239 

2 

+ 114,090 

0.510204 

+ 58,209 

3 

+ 158,463 

0.364431 

+ 57,749 

4 

+ 151,874 

0.260308 

+ 39,534 

5 

+ 144,495 

0.185934 

+ 26,867 

6 

- 68,393 

0.132810 

- 9,083 

7 

- 77,650 

0.094865 

- 7,366 

8 

- 88,017 

0.067760 

- 5,964 

9 

- 99,628 

0.048400 

- 4,822 

10 

- 112,632 

0.034572 

- 3,894 

+ $373,469 


We use interpolation: 
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Then, 


and 


Rate 

0.20 500,643 + $500,643 \ 

0.20{ ? + 430,000/ 

0.40 373,469 + 373,469 


PV of cash flows 
$70,6431 $127,174 


X 0.20 = 0.11 


$70,643 
$127,174 

0.20 + 0.11 =0.31 or 31% internal rate of return. 


□ 


As we have observed, the magnitude of the internal rate of return is 
attributable to discounting the cash flows to equal the lessor equity investment, 
not the total cost of the asset. The departure from normal procedure is justified 
by the use of the nonrecourse loan to cover 80% of the asset cost. The lessor or 
lessors have only 20% of the asset cost at risk. 

Finally, we note that the “purchase” of tax credits is perhaps more easily 
accomplished using the sale and leaseback arrangement under the provisions of 
the Economic Recovery Act of 1981. The ultimate effect of the Act on leverage 
leasing and leasing in general is too early to prognosticate. 


LEASING AND THE COST OF CAPITAL 

Recall that we have defined the cost of capital (K) as a weighted average of 
the incremental costs of each type of capital represented in the firm’s capital 
structure; that is, a composite cost of the next dollar of debt, preferred stock, 
common stock, and retained earnings. In these chapters we note: (1) leasing is a 
de facto substitute for debt financing; (2) some financial-analysis models assume 
an equivalent loan equal to the purchase cost of the asset; (3) some financial 
models use the firm’s incremental after-tax cost of debt to discount the cash flows 
of ownership and leasing in order to obtain the present-value cost of each 
alternative. The Financial Accounting Standards Board (FASB) has also recog¬ 
nized the essential nature of lease agreements as debt instruments: 


The lessee shall record a capital lease as an asset and an obligation equal to the 
present value at the beginning of the lease term of minimum lease payments 
during the lease term, excluding that portion of the payments representing 
executory costs such as insurance, maintenance, and taxes to be paid by the 
lessor, together with any profit thereon [emphasis added]. 3 

Henceforth, capital leases will appear on the firm’s balance sheet as an asset and 
liability in an amount equal to the present value of the adjusted lease payments. 
The capital lease is no longer a mere footnote to financial statements. 

If the capital lease now gives rise to a recognizable asset and liability similar 
to the incurrence of debt, what is the cost of lease capital to be used in 


3 Statement of Financial Accounting Standards No. 13 , Accounting for Leases (November 1976), p. 11 
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calculating the firm’s cost of capital? It cannot be the firm’s incremental 
after-tax cost of debt capital, for this may be greater or less than the rate 
embedded in the lease. Neither can it be the firm’s average cost of capital, for the 
latter is a weighted aggregate in which the cost of leased capital represents one 
component. Neither can the cost of leased capital represent that rate which 
equates the present value of the rental payments to equal the cost of the 
equipment; such a rate might incorporate other charges as well as an interest 
cost. In sum, the cost of leased capital for a specific contract need not be the same 
rate used in the preliminary financial analysis. 


□ EXAMPLE 11 Implicit Interest Cost 

Assume a lessee has the opportunity to enter upon a 5-year lease for a piece of 
equipment. The lessor will charge an annual rental of $8,000 and assume $1,000 in 
annual maintenance charges. What is the implicit interest rate in the proposed arrange¬ 
ment? The lessee’s marginal tax rate is 40% and the purchase cost of the equipment is 
$25,000. 

Solution: Assume the implicit rate will lie between 12% and 14%. Then: 


Before tax cash flows: 

Present value of lease payments 
$8,000 X 3.605 (12% for 5 years) 
8,000 X 3.433 (H% for 5 years) 
less 

Present value of maintenance 
$1,000 X 3.605 (12% for 5 years) 
1,000 X 3.433 (14% for 5 years) 
Present value of lease payments 
less 

Purchase cost 
Net present value 


12% 14% 

$28,840 

$27,464 


3,605 

3,433 

$25,235 $24,031 

25,000 25,000 

$ 235 -$ 969 


Implicit interest before tax: 

$235 

0.12 + 


$235 + $969 


X 0.02 = 0.1239, or 12.39% 


Implicit interest rate after tax: 

0.1239 X (1 - 0.40) = 0.07434, or 7.434% 


□ 


The implicit interest as determined in Example 11 approximates the cost of 
leased capital. The closeness of the approximation depends upon the estimates of 
executory cost assumed by the lessor. By contrast, the effective interest cost of the lease 
(found by discounting the lessor’s charges to equal the purchase cost of the asset) 
is: 

$25,000 = DF X $8,000 
3.125 = DF 

The discount factor of 3.125 equates to an effective interest cost greater than 
18%. The 18%, on the other hand, covers executory costs included in the rental 
charges. 
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Thus, if the executory costs are assumed by the lessor, the cost of leased 
capital is the implicit interest rate as calculated in Example 11. If the executory 
costs are passed on to the lessee, the cost of leased capital is the effective interest 
cost, now the same as the implicit interest rate. 


SUMMARY 

This chapter concentrates on the position of the lessor. Two kinds of lessors 
are recognized: the lessor^dealer and the lessor-manufacturer. The differences in 
position arise from the vagaries of the income tax law. Leveraged leasing is an 
offspring of tax legislation. In fact, it is probably fair to say that, except where 
the lessor has economies of scale, leasing would not survive but for tax legisla¬ 
tion. That is, except where the lessor has economies of scale, ownership is 
preferred over leasing. The intervention of tax legislation upsets the natural 
economic equilibrium. 


QUESTIONS/PROBLEMS 

. H ■ IN i. <«■■»... , , U, «■ i. B ■■■*-■■■■ ^ n1l , m 

1. A lessor may purchase equipment for $60,000. The equipment has a 3-year life 
(ACRS) and the lease will be for 3 years. The projected salvage value is $2,000. The 
lessors after-tax marginal cost of capital is 10%, but the salvage will be discounted at 
20%, owing to the higher rate of uncertainty connected to the estimate. Determine the 
annual lease payments, first assuming payments made at the start of each year and 
then at the end of each year. Assume a tax rate of 46%. 

2. The Bunker brothers, who inherited their wealth from Big Daddy Bunker, have 
insufficient tax deductions to cover their taxable income. On the way to the ranch, the 
boys are pondering a leverage-lease proposition with the following terms: cost of asset, 
$1,000,000; nonrecourse debt, $800,000; equity, $200,000; legal fees, $15,000; invest¬ 
ment tax credit, 10%; amortization of nonrecourse loan will cover 10 years with a 
nominal rate of 10%; rental, $130,000 payable at end of period; length of lease, 10 
years; asset depreciated on an ACRS basis over 5 years. Evaluate the lease using each 
of the following, assuming a tax rate of 46%. 

(a) A multiple-investment, sinking-fund method, assuming a yield rate of 20% and a 
sinking-fund earning rate of 5.5% after tax. 

(b) Net present value. 

(c) Internal rate of return. 

3. Assume a lease proposal with the following terms: term lease (A), 8 years; asset life, 
10 years; asset cost, $1,000,000; salvage value (S), $200,000 (estimated at end of 
lease); investment tax credit (ITC), $100,000 (received at end of first period); lessor’s 
combined federal and state marginal tax rate (t c ), 50%; lessor’s marginal cost of 
capital (A mc ), 15% (after tax); discount on salvage (A s ), 20% (after tax); operating 
expenses (0), $1,000 (paid at end of each period); cost recovery: ACRS. 

What rental should be charged in each case? 

(a) Rents paid at end of period, after tax and pretax. 

(b) Rents paid at beginning of period, after tax and pretax. 

4. NBM has the option of selling or leasing its new computer. The company’s financial 
officer presents the following data: selling price of asset, $300,000; manufacturer’s cost, 
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SI50,000; marginal tax rate, 0.48; marginal cost of capital, 10%; investment tax credit 
payable at end of period 1, 0.10; depreciation on straight-line, no salvage anticipation, 
$18,750; lessor’s cost of new debt, 5% after tax; length of lease and depreciable life of 
asset, 8 years. What is the pretax rental with the same NPV as outright sale? 

5. The Grace Manufacturing Company can purchase new equipment for S50,000. 
Alternatively, the equipment can be leased for 10 years at SI0,000. The lessor will pay 
S2,000 annual maintenance charges and assume insurance payments of $1,000. Grace 
has a marginal tax rate of 40%. What is the implicit interest rate, before and after tax, 
in the lease agreement? 


CapitaI BudqETiNq 
foR jUe MulTiNATiONAl FiRM 


The somewhat complicated evaluations of investment opportunities in national 
settings are rendered extremely complex in less familiar international environ¬ 
ments. Capital budgeting theory does not change, but the application is be¬ 
deviled by varying institutional environments (differing governmental systems, 
tax laws, import and export regulations, etc.). In essence, capital budgeting in an 
international environment demands not only a grasp of theoretical concepts 
covered earlier in this text, but an intimate knowledge of local economic 
conditions and customs. Figure 25-1 gives an overall view of the unique 
variables attendant upon capital budgeting in an international setting. 

In spite of, the growing importance of the subject matter, the manifold 
number of variables and the uncertainty of their nature seems to deter model 
builders. This fact is unfortunate because the rapid growth in the number of 
multinational corporations and the difficulty of their decision settings necessitate 
sophisticated tools of analysis. Monte Carlo simulation, introduced in Chapter 
22, is extended in Appendix 25A and has great potential for handling the 
complex multinational capital investment decisions. It can incorporate the 
interdependence of the large number of variables in the decision process and 
makes it possible to visualize the dynamics of business decisions in complex 
settings. Furthermore, the peculiarities of international risk can be efficiently 
introduced through simulation into the capital investment decision area. 


CAPITAL BUDGETING PROCESS 

The capital budgeting objective for the multinational corporation (MNC) is 
the same as for a domestic firm: to maximize the firm’s value as expressed in 
terms of the market price of the common shares. Therefore, for any proposed 
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project to be attractive, firms insist that the discounted cash inflows exceed the 
discounted outflows where the discount rate reflects the risk associated with the 
project under evaluation. 

The capital budgeting process for an MNC typically involves the following 
activities; 

L Identification of cash flows generated by the proposed project. 

2. Identification of flows available for repatriation to the MNC. 

3. Conversion of cash flows by means of exchange rates. 

4. Adjustments to compensate for financial risks, including sensitivity analy¬ 
sis. 

5. Selection of a minimum rate of return. 

6. Calculation of investment profitability including sensitivity analysis. 

7. Acceptance or rejection of the proposed investment. 


Identification of Cash Flows Generated by the Project 

The MNC first concentrates its analysis on the cash flows generated by the 
project. A budget statement is prepared which provides estimates for the project 
cash inflows and cash outflows over the designated evaluation period. Generally, 
an investment will be analyzed over a limited period of time (10 years is typical) 
rather than an attempt made to forecast flows indefinitely. 

The initial cash outflows required by the project can be identified as the costs 
to acquire the land and fixed assets associated with the project. Attendant with 
all new investments are many other start-up costs that should be considered. 
Such costs include selling expenses, legal expenses, initial inventories, administra¬ 
tive and manufacturing staffing costs, and financing costs for debt and equity. 
For the most part these costs can be classified as the initial working capital and 
organizational costs. 

Furthermore, the MNC must anticipate additional investments beyond its 
initial commitment. In reality, original investments are usually followed by a 
succession of further investments, some of which may be involuntary. If a project 
is started within a country which provides tariff protections for fledgling in¬ 
dustries, it may be necessary to expand operations after tariffs are removed in 
order to compete with foreign markets. Moreover, some countries disallow total 
repatriation of cash flows, thereby making reinvestment mandatory. Finally, the 
new venture can be set up with a large debt structure, which will require the 
reinvestment of profits to provide greater “financial strength.” 

The cash flows represent typical operating revenues and expenses. First, the 
MNC develops a demand forecast from such factors as historical demands, 
alternative sources of products, general population growth, ease of entry into the 
industry by competitors, and the feasibility of serving nearby markets. From this 
forecast the sales projections over the project period are derived. 

Second, the MNC forecasts its expected expenditures for operating the 
subsidiary and the fees or charges that it would expect to receive from the 
subsidiary. These forecasts can usually be obtained from the historical data of 
similar ventures. Such forecasting techniques as percent of sales or simple linear 
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regression can be applied to the historical data to obtain reasonable estimates of 
the necessary expenditures. 

Next, the MNC would review the tax structure of the host country. Analysis 
would include the income taxes, indirect taxes, and tax treaties enforced by local 
authorities. From these data, the estimated tax requirements can be projected. 

The estimated sales, less the estimated expenses, will yield the after-tax 
profits from operations. These profits plus any depreciation write-offs will give 
the cash inflows from operations. 


Identification of Cash Flows Available for Repatriation 

The MNC would like to maximize the utility of the project cash throw-offs 
on a worldwide basis. The MNC may wish to reinvest the cash in other 
subsidiaries, pay dividends, pay debt obligations, or invest in new ventures. The 
profits from any project would have little value if the MNC could not use the 
cash throw-offs for these alternatives. 

In essence, the MNC must determine which of the cash throw-offs it will be 
allowed to convert into other currencies for transfer elsewhere. The MNC must 
examine the existing laws pertaining to such subsidiary remittances as profits 
from operations, management and technical fees, royalties, loans, dividends. 
Moreover, a study of exchange controls in the past would be advisable to 
ascertain which remittances are more frequently restricted. Once the available 
cash flows for the MNC worldwide network have been identified, the budgeted 
statement for the parent may be prepared. 

All anticipated remittances from the subsidiary will necessitate transactions 
in the foreign exchange markets. Thus, it is important that the cash flows be 
represented in the currencies of the two countries involved. This conversion will 
allow the MNC to visualize the effects of currency values and exchange rates. 


Conversion of Cash Flows Using Exchange Rates 

Two interrelated risks faced by the MNC are: (1) the risk associated with 
different rates of inflation in the host country of the subsidiary versus the home 
country of the parent company; and (2) the risk associated with unanticipated 
changes in foreign exchange rates over the life of the project under evaluation. 
As mentioned earlier, repatriated cash flows must be converted to the parent’s 
currency using the foreign exchange market. However, it is also necessary to 
address the two risks just mentioned. Recent research by Dufey 1 2 and Shapiro 
has indicated that the primary determinant of an MNC’s exposure to these two 
risks is a function of whether the subsidiary is: (1) engaged in business whose 
nature is purely domestic, competing with imported goods, or by-and-large 
export-oriented; and/or (2) dependent for its inputs to the production process on 
nontraded domestic goods and services, traded inputs, or imported raw materi- 


1 Dufey, Gunter, “Corporate Finance and Exchange Rate Variations,” Financial Management (Summer 
1972), pp. 51-57. 

2 Shapiro, Alan C., “Exchange Rate Changes, Inflation and the Value of the Multinational 
Corporation,” Journal of Finance (May 1975), pp. 485-502. 
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ak In addition to these factors, the MNC has the opportunity to hedge against 
inflation and foreign exchange risks. 

The management of foreign-exchange risk is beyond our scope here; how¬ 
ever the interested reader is referred to several recent, comprehensive works in 
t is area. Clearly, the impact of inflation and foreign-exchange risks impose 
W 1 j° mp exltieS on th ? ca P ital budgeting decision process. However, the MNC 
should enter into a foreign direct-investment decision with its eyes open and with 
formal policies and strategies for coping with the additional risks. In addition 
our recommended approach calls upon the use of sensitivity analysis in order to 
determine the variables that most critically impact the project under evaluation 
and the degree of variation necessary in order to jeopardize the project’s 


Required Rates of Return and Adjustments for Risk 

Before assigning a required rate of return to a particular project it is 
necessary for an MNC to be certain that all risks peculiar to international 
activities have been defined and provided for in the total analysis. We have 
briefly discussed the international financial risks that might confront the MNC 
and have cited references for strategies to minimize losses. We also mentioned 
that analysis of foreign tax laws and repatriation policies would assist in the 
proper allocation of remittances for the purpose of making funds available to the 
worldwide network. However, all these strategies are operational in nature and 
do not assist m determining the profitability of a project when evaluating the 
decision to invest. 

A highly recommended approach for risk adjustment suggests that an MNC 
perform a sensitivity analysis of the factors that would influence the profitability 
of a project. This implies an analysis of the risks, estimating their possible 
changes, and applying these changes to the elements of the prepared budget 
data. Not only will this method serve to incorporate the variable risks, it will 
educate responsible persons about the inherent risks and will facilitate anticipa¬ 
tion of such risks during initial project evaluation. 

Some of the possible sensitivity adjustments are as follows: 


7. If inflation is expected in the near future, increased domestic prices could 
reduce domestic demands. 

2. If devaluation is expected, increased foreign prices could increase domes¬ 
tic demands. 


3. Expected inflation would increase the operating costs. 

4. Expected inflation would increase asset replacement costs. If revaluation 
is allowed, increased depreciation write-offs would occur. 


See L. L Jacque Management of Foreign Exchange Risk: A Review Article,” Journal of 
International Business Studies (Spring/Summer 1981), pp. 81-101; David K. Eiteman and Arthur I 
Stonehill, Multinational Business Finance , 2nd ed. (Reading, Mass: Addison-Wesley, Inc 1979)' 
Chapters 2, 3 and 4; Rita M. Rodriguez and E. Eugene Carter, International Financial Management, 
2nd Edition (Englewood Cliffs, N.J.: Prentice-Hall, Inc., 1979), Chapters 5-9; L L Tacque 
Management of Foreign Exchange Risk : Theory and Praxis (Lexington, Mass: D. C. Heath, Inc., 1978).’ 
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5. The new subsidiary may cause undue contraction of sales for existing 
subsidiaries. An estimated value for these losses could be included in the cash 
outflows for the project. 

6. The budget statement should be scheduled over the 10-year period, 
showing the expected annual flows. Realistically, the project will show a series of 
uneven cash flows with decreasing accuracy further ahead in the 10-year 
projection span. 

7. Conversion of the budget elements using different exchange rates is 
important because the many transactions involving foreign exchange are quite 
often subject to different duties, tariffs, or other special exchange restrictions. 
One single rate may not represent the estimate range adequately. 

8. Imposition of previously used exchange controls, not currently in effect 
(but most commonly used) could be injected in the statement. 

As can be readily concluded, the objective of a sensitivity analysis is to 
anticipate as many contingencies as possible, thereby increasing the accuracy of 
the project’s expected returns. Feeling reasonably confident that the budgeted 
statement has considered all risks, the MNC may now direct its attention to the 
project’s required rate of return. 

In the case of evaluating one separate investment opportunity, it is necessary 
to establish a minimum rate of return to be used as a cutoff point when deciding 
to accept or reject the investment. The most commonly accepted minimum rate 
used by firms has been their risk-adjusted cost of capital. For an MNC, this rate 
would represent its worldwide cost of acquiring additional funds adjusted to 
reflect project-specific risk. This rate is defined as the rate of return that must be 
realized to maintain the corporation’s current stock price. 

If an MNC perceives that greater risks are inherent with a particular 
investment, it may adjust for risk in a manner such as illustrated in Chapter 13. 
It could be perceived that the effects of inflation or exchange controls are also 
predictable, thus justifying an additional adjustment for risk. 

Measuring the Profitability of the Investment 

As intimated, the MNC is greatly concerned about its ability to recover its 
initial investment. This concern exists because the effects of inflation and 
exchange controls could ultimately restrict the repatriation of funds or greatly 
reduce the value of funds received. Consequently, discounted-cash-flow tech¬ 
niques for measuring profitability are highly recommended. 

In essence, the attractiveness of any investment is based on the ability of its 
eventual cash inflows to exceed its required cash outflows. However, monies 
received in future years would be worth less in terms of purchasing power, owing 
to either inflation or devaluations. To measure the real value of future cash 
inflows, these inflows should be expressed in constant (current) values equivalent 
to the values of the outflows in the earlier years. If the inflows then exceed the 
outflows, the investment will contribute to maximizing the dollar value of the 
firm in present values. 

It is the primary objective of discounted-cash-flow techniques to provide for 
the time value of money by expressing future flows in terms of present value. 
One final factor for imputing cash inflows has been introduced and that is to 
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assign a terminal value to the project. It is expected that the assets of the 
subsidiary will have a salable value at the end of the designated period, either as 
an ongoing concern or through liquidation. In addition, this approach can be 
called upon to handle compensation received by the MNC in the event that 
expropriation has taken place. 

Following our preference for the net-present-value (NPV) model, we recom¬ 
mend that MNC’s evaluate the attractiveness of projects using Equation (1): 


T- 1 

NPV = £ 

t = 0 


(1 +r')' 


TINF r 

(1+rY 


0 ) 


where R t = the parent company’s expected (after-tax, after-exchange-rate adjust- 
_ment) net cash flow in period t 

TINF r =the expected (after-tax, after-exchange-rate adjustment) terminal net 
cash inflow to the parent company when either expropriation takes 
place or the end of the planning period occurs 
r' = the risk-adjusted discount rate appropriate for the project under 
evaluation 

/ 0 = the initial (after-tax, after-exchange-rate adjustment) cash outflow 
required by the parent company to acquire the asset. 


Equation (1) provides an evaluation mechanism to handle most projects 
under evaluation by the MNC. In addition, the various sensitivity adjustments 
recommended earlier can be easily implemented using Equation (1). 

Where the firm is evaluating projects with a very high initial investment or 
with a high degree of uncertainty given the host-country environment, the 
methodology presented in Appendix 25A, “A Simulation-Based Multinational 
Capital Budgeting Approach,” is justified. This later approach provides a more 
powerful methodology to handle risky conditions faced by the MNC. 


Acceptance of Investment 

Referring to the previous premises, for an investment to be acceptable, 
the NPV value must be positive when the cash flows are discounted at the 
risk-adjusted rate appropriate for the project under evaluation. Again this 
risk-adjusted rate is a function of the MNC’s cost of capital, as well as the 
environmental risk that exists for a project of this type in the host country of the 
subsidiary. 

Furthermore, the acceptance of a proposed investment does not necessarily 
imply that it will be implemented. Acceptance merely includes the investment 
with other accepted investment opportunities. The accepted investment must 
now appear more attractive than the others to be fully implemented. Finally, the 
investment’s performance will continually be reviewed after implementation. If 
performance is poor, abandonment procedures may be considered. 


COST OF CAPITAL 


Risk differences cause the cost of funds from a particular source to be higher 
than the risk-free rate and account for the possibility of loss and prospect of gain. 
It is also apparent that the type of funding chosen affects fees, flotation costs, 
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rates of interest paid, and indirect costs, such as minimum balance deposits 
required. However, it is important to note that for multinational corporations the 
risk or degree of variability for all the preceding factors differs with the host 
country involved. The differences relate to inflation rates, possible changes in 
regulations of MNC, balance of payments, variability in labor costs, and 
political changes. It is for this reason that subsidiary costs of capital should be 
examined for the effect on the company-wide cost of capital. 

The cost of borrowing is expected to vary because of business risk, financial 
structure, variability of earnings, company size, money-market conditions, and 
other variables. The cost and availability of funds in the international capital 
markets adds another dimension. 

Effective interest rates in different national money markets vary consider¬ 
ably, and because, in general, bond yields are lower in the United States, a cost 
differential on long-term borrowing exists. This is further widened by security 
flotation costs also being higher outside the United States. Interest rates in 
underdeveloped countries are usually much higher than in developed countries 
because of smaller local savings; capital flight, which reduces local fund supplies; 
continuous inflation; and higher business risk. 

A study that compares the cost of equity capital of U.S. multinational firms 
and their domestic counterparts looks at the possibility of higher risk for business 
operations abroad and the implication that the cost of capital would automati¬ 
cally be higher because of the entry into foreign markets. 4 By using a version of 
the dividend valuation model over 28 quarters, a sample of 110 companies from 
the Fortune 500 was used to evaluate cost of equity capital. The multinational 
firms on the list were compared to their domestic counterparts on that list using 
the paired-difference test to detect statistically significant differences. Seven 
industries were covered, including the following: nonferrous metals, fabricated 
metals products, electrical machinery, other machinery, petroleum refining, 
chemical and allied products, food products, and companies without distinction 
by industry. Of the seven distinct industries, only the chemical and allied 
products industry showed noticeably higher costs of equity capital for multina¬ 
tional firms. Interestingly, the oil and nonferrous metals industries have both 
been prone to expropriation by foreign governments. Kohers states that by 
making distinct differences in the capitalization rates of companies in different 
industries and not necessarily by domestic or MNC status, investors appear to 
clearly differentiate investment risks and opportunities among industries. They 
do not tend to unfairly discriminate against foreign operations in their appraisal 
of common stock investment values. From these findings it was concluded that 
by becoming involved in foreign business activities a company does not auto¬ 
matically raise its cost of capital. 

The cost of short-term and medium-term funds, as mentioned earlier, now 
becomes a matter of operating most profitably (and prudently) while in compli¬ 
ance with FASB-8 (to be discussed momentarily). Minimization of dollar invest¬ 
ment exposure to currency devaluation leads to scheduled repatriation of dollars 
by dividend payments and maximum efficient utilization of local funding sources 
by constant comparison of short-term rates for various instruments such as 


4 Theodore Kohers, “The Effect of Multinational Operations on the Cost of Equity Capital: An 
Empirical Study,” Management International Review , 1975. 



Chapter 25, Capital Budgeting for the Multinational Firm 


427 


overdrafts, notes, and so on. When borrowing becomes difficult as a result of the 
general lack of availability of funds and retention of dividends becomes neces¬ 
sary to augment working capital, forward hedging is an alternative to protect 
investments and its cost can be considered as a cost of funds. Ordinarily, forward 
cover against fall of currency, especially for a developing country, is expensive 
and considered prohibitive. 

It is quite apparent from the preceding discussion in this section that risk 
may not be perceived as greater for a multinational firm than for a domestic 
company, but it definitely can take many more forms. It follows that a decision 
to commit capital internationally deserves careful analysis. Techniques to effec¬ 
tively determine the worth of a capital expenditure proposal have been the 
subjects of many books and papers. Brill surveyed the range of techniques in 
practice and presented an approach to treat subjective data that possesses certain 
desirable properties: 5 


/. It summarizes relevant investment decision information in a single figure. 

2. It is useful for all types of proposals. 

3 • lt permits appraisal in terms of a single set of standards. 

4. It provides an easily computed index. 

5. It is easily understood. 

6. It is adjustable to allow for ranges of uncertainty. 

A shortcoming of discounted-cash-flow calculations is that the discount rates 
are often adjusted with “not totally rational” values for risk. These values are 
arrived at by conventional approaches to risk analysis, which include sensitivity 
studies, adjustments to venture worth criteria, and fhe three-level estimate method 
In sensitivity studies, the effects of unit changes in the many parameters 
governing the profitability of a contemplated venture are determined to establish 
w ich parameters are most significant. Management must subjectively evaluate 
the relevance of the variables, because the likelihood of their deviations is 
unknown. Adjustments to venture worth criteria to reflect levels of risk are based 
on the theory that the risk incurred is related to the rewards expected. Results 
can be inconsistent, and recognition of risk in computing cash flows is more 
effective. In the three-level estimate approach, optimistic, pessimistic and most 
likely cases are developed and intuitively assigned probabilities of occurrence. 

I he analysis is treated as decision-under-risk to arrive at an expected value of 
investment worth for venture analysis. The subjectivity of the probability 
designations, in addition to the omission of the dimension of variability, leads to 
rejection of this approach in risk analysis for investments as well as proiect 
management. K J 

The limitations of the techniques discussed above are better overcome by 
more advanced techniques that develop distributions of return through Monte 
Carlo simulation (see Appendix 25A). To overcome the requirement for knowl¬ 
edge of the distribution of each variable in the analysis, Brill proposes a method 
utilizing reasonable estimates of the parameter distributions, thereby validlv 
incorporating the risk dimension in venture analysis. 6 The technique relies on the 


Martin Brill, An Approach to Risk Analysis in the Evaluation of Capital 
Institute of Technology, 1966) 

6 Ibid. 
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assumptions that venture analysis variables can be described by a beta distri¬ 
bution with ranges usually reliably obtained from experts representing a 95% 
confidence interval. Although still subjective, owing to the very nature of the 
task of prediction, the method is rational, useful, and meets the guidelines 
presented earlier. Major banks readily volunteer expertise and information on 
domestic and international banking and financial matters as part of their 
marketing approach to attract new customers. Such expertise, combined with a 
firm’s knowledge of its own business, could be well applied in the simulation 
approach. 


REPATRIATION VERSUS REINVESTMENT OF PROFITS 


The decision process of whether to repatriate dividends or reinvest in the 
foreign subsidiary requires examination beyond the original commitment in 
terms of what is needed to protect or strengthen the original investment. This is, 
of course, based heavily on the reassessment of the subsidiary’s market position 
for an extended period of time, nominally 10 years, and the related investment 
alternatives. 7 Considerations generally include ultimate remittability of the re¬ 
quired investment expenditures. Rather than measure returns only in terms of 
the local currency, inflows available to the investor are a key consideration. 
Inflation and money valuation forecasts play an important part in the long-range 
reinvestment plan. As indicated by recent moves of Japanese and German 
manufacturers to obtain manufacturing sites in the United States, this country 
holds a favored position in the struggle against inflationary effects. For this 
reason, United States-based MNC’s will also lean toward expansion and im¬ 
provement of domestic plants while maintaining sales and service branches 

overseas. . 

The important judgment in formulating and screening alternatives is to 

learn whether proposed planning will remain feasible if host-country restrictions 

are expected to become more stringent. 

Another factor that influences the remittance decision and, therefore, the 
reinvestment decision of many multinational companies is taxation. Tax objec¬ 
tives vary and can reflect varying emphasis among companies. Firms that are 
most tax-conscious will make every attempt to minimize the corporations total 
tax burden and give this consideration higher priority than any others m the 
investment decision. This would come about by modeling the tax situation after 
the other project-related details and projections are evaluated. Alternatively the 
tax burden might be given equal weight with one or two other factors, such as 
the risk of leaving funds abroad or the subsidiary’s requirements for funds. The 
latter point is considered in relation to the availability and cost of funds locally. 

Some companies consider paying taxes to the United States on repatriated 
dividends a fact of doing business, and no effort is made to delay or avoid this 
obligation. However, they do try to avoid penalty taxes for paying too high or 
too low a dividend as might occur in Germany. 8 A few corporations, because of 

7 David B. Zenoff and Jack Zwick, International Financial Management (Englewood Cliffs, N.J.: 

Prentice-Hall, Inc., 1969), pp. 148, 149. 

Tbid., p. 415. 
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the minimal amounts involved, assign a low level of importance to any tax 
consideration relative to foreign dividends. 

Foreign dividends exercised to suit the corporate plan regarding taxes, 
reinvestment, or dividends to stockholders are only one part of the total fund 
remittance framework. Other means include management fees, technical-service 
fees, royalties interest on parent loans, principal repayments on such loans, 
license fees, commissions on exports, and payments for merchandise obtained 
from the parent. 9 Basic decisions regarding fund remittances are centralized, 
with the goal of maximizing corporate worldwide placement of funds. Perception 
of the overall needs of the entire corporate network and availability of the 
necessary financial data can only occur at a central office. As indicated earlier, 
the corporate prerogative to control and dispense funds can be affected by the 
policy of a host country. This is increasingly evident on all forms of fund 
remittance, including pricing, as active surveillance of invoices by customs agents 
is conducted. 


STATEMENTS 8 AND 52 OF THE FINANCIAL ACCOUNTING 
STANDARDS BOARD (FASB) 

The foreign-investment decision setting is clouded by the existence of FASB 
rulings on foreign exchange translation of the financial statements of an MNF’s 
subsidiaries. FASB-8, “Accounting for the Translation of Foreign Currency 
Transactions and Foreign Currency Financial Statements,” was implemented 
January 1, 1976, The mandatory guidelines of FASB-8 (and its successor 
FASB-52) had three major effects: 

1. It required that foreign transactions be handled using both a current rate 
and a historical rate; the former is used for real assets carried at market value, 
cash, accounts receivable, and all liabilities; the latter is used for all real assets 
carried at original cost. 

2, It required that all foreign exchange gains and losses be reflected in net 
income during the period in which the change in the exchange rate occurred. 

3- The use of reserve accounts and the distinction between realized and 
unrealized foreign exchange gains and losses were eliminated. 

In viewing the impact of FASB-8, it is important to identify three types of 
exposure faced by the MNC: (1) translation exposure; (2) transaction exposure; 
and (3) economic exposure. Translation exposure is the exposure of an MNC to 
foreign-exchange loss as the net assets of its foreign subsidiary are translated into 
the home-country currency. Transaction exposure is the exposure of an MNC to 
foreign-exchange loss due to a contractural obligation of its foreign subsidiary to 
deliver goods or services in the future. Economic exposure is the risk of loss to the 
MNC due to the long-term impact of foreign-exchange fluctuations on the 
valuation of the corporation. The FASB statements address only the first two of 
these exposures, while the third is also of significant importance to multinational 
firms. 


9 See Eiteman and Stonehill, Multinational Business Finance , p. 308. 



430 Part VII: Selected Topics in Capital Budgeting 

FASB-8 was a highly controversial accounting standard because reported 
income showed great volatility due to the requirement that all translation gains 
and losses had to be shown in the current income statement. FASB-8 was 
replaced by FASB-52 “Foreign Currency Translation” in December 1981. 
FASB-52 imposes two major changes: (1) a mandatory use of an all-current rate 
method; and (2) a differing treatment for transaction and translation gains and 
losses. The first revision eliminates the use of historical exchange rates in 
translating financial statements. The second revision would charge only transac¬ 
tion gains and losses to current income; whereas, translation gains and losses would 
be handled in a manner akin to charging these to a stockholders’ equity reserve 
account. Financial managers should be aware of the existence of such rulings by 
the FASB and they should incorporate the impact of such rulings into the capital 
project evaluation process. 


SUMMARY 

This chapter surveys the important area of capital budgeting for the 
multinational firm. The new dimensions and variables present in the interna¬ 
tional environment are outlined and discussed. 

A seven-step approach is suggested to evaluate and select capital projects for 
the multinational firm. 

The important area of the cost of capital for the multinational firm is 
discussed next. Following this, repatriation versus reinvestment of profits is 
addressed, since this trade-off is an important phase in the strategic planning 
area for the multinational firm. Finally, the impact of FASB-8 and FASB-52 was 
outlined. 

The appendix that follows illustrates many of the techniques and concepts 
discussed in the chapter by showing a Monte Carlo simulation model for capital 
budgeting for the multinational firm. 


APPENDIX 25A 
SIMULATION-BASED MULTINATIONAL 
CAPITAL BUDGETING APPROACH 10 


This appendix outlines a Monte Carlo simulation model for multinational 
capital budgeting. The model has been made as general as possible while not 
sacrificing ease of understanding and use. In order to provide adequate informa¬ 
tion and a flexible analysis, a two-stage simulation is recommended. First, each 
investment opportunity is evaluated in a uninational setting by the subsidiary 
proposing it. If it passes the first screening, it is then analyzed from the parent’s 
point of view. This joint evaluation is of paramount importance. Indeed, a plant 
built in a foreign country can be a very profitable investment in itself, but 


10 The model presented in this appendix is based on Andre Fourcans and Thomas J. Hindelang, 
“Capital Budgeting for the Multinational Firm: A Simulation Approach,” presented at The 
Financial Management Association Conference, October, 1975. 
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currency devaluations, tax differentials, and/or quantitive controls can make it 
significantly less attractive to the parent company. The proposed model handles 
both the case where the parent is considering a joint venture as well as a 100% 
participation. 

The model provides an operational, theoretically sound, and mathematically 
powerful capital project ranking methodology wherein project uncertainty as 
well as environmental uncertainty (including all major international variables) 
are incorporated into the analysis. Based on this ranking of investment proposals 
(consisting of empirical risk-return characteristics for several relevant evaluation 
criteria), both the subsidiary and parent can select the set of projects that best 
meets its risk-return preferences, financing availabilities, and objectives for 
synergy considering interactions between current operations and new projects. 
The model’s two-stage simulation approach utilizing all relevant international 
variables is consistent with prior research in the international capital budgeting 
area. The model focuses well on the behavioral theory of the MNC postulated by 
Stonehill and Nathanson, 11 wherein they suggest an independent financial 
evaluation of projects by both the parent and subsidiary; further, the model 
avoids the serious disadvantages the authors cite that prevail when a risk- 
adjusted discount rate is used to reflect political and foreign exchange uncer¬ 
tainties; last, the model provides helpful information in implementing the 
uncertainty absorption” program suggested by the authors, as well as arriving 
at an operational approach for charging each period with the cost of such a 
program. The model capitalizes on the strengths of the most sophisticated 
approach recommended by Stobaugh 12 in analyzing foreign investment climates, 
namely, that of risk analysis, wherein the full range of international uncertainty 
and variable interactions are incorporated rather than just the “optimistic,” 
“most likely,” and “pessimistic” estimates. In addition, the recommended model 
is not burdened with the assumption of independence of variables as are some 
models. 13 Finally, the model addresses the important cultural, economic, and 
political aspects of the capital investment decision setting that Mauriel 14 points 
to as differentiating uninational from multinational operations. 


Subsidiary Simulation 

The subsidiary’s evaluation of a given investment proposal utilizes mainly 
the direct project costs and revenues discussed immediately above. The analysis 
uses a uninational framework and considers the parent mainly as a source of 
funds to finance accepted projects. Furthermore, in order not to unduly com¬ 
plicate matters, it is assumed that the subsidiary only sells and buys inside the 
host country (this assumption could be relaxed, if desired). 


A. I. Stonehill and L. Nathanson, “Capital Budgeting and the Multinational Corporation,” 
California Management Review (Summer 1968), pp. 39-54. 

R. B. Stobaugh, “How to Analyze Foreign Investment Climates,” Harvard Business Review (Septem- 
ber-October 1969), pp. 100-108. 

13 J. Chambers and S. Mullick, “Investment Decision Making in a Multinational Enterprise,” 
Management Accounting, (August 1971), pp. 44-59. 

J. J. Mauriel, “Evaluation and Control of Overseas Operations,” Management Accounting (Mav 
1969), pp. 35-39. y 
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TABLE 25A-1 Subsidiary Cash Flows 

Inflows Outflows 

Revenue from sales Initial outlay 

Salvage value Financing costs 

Operating costs 
Host country taxes 


The technical details of this stage of the simulation are presented in three 
illustrations. Table 25A-1 lists the relevant cash inflows and outflows for the 
subsidiary. 

Table 25A-2 defines the variables (both exogenous and endogenous) and 
formulates the identities of the simulation model. Figure 25A-1 on page 435 
shows a flow chart of this part of the simulation. 

As we can see from Table 25A-2, the main endogenous variables that 
determine an investment proposal’s attractiveness are the total revenue, total 
costs, net income after taxes, and net cash inflow each year. From these measures 
the payback, NPV, and IRR are computed for each simulated observation of the 
proposal’s useful life. Empirical distributions are derived for each of these three 
criteria based on all simulation runs. Of course, other criteria (e.g., discounted 
payback, equivalent annual savings, or growth in earnings per share) could be 
easily built into the model, depending on the needs of the individual firm. 

Based on the empirical distributions of the criteria above, summary statistics 
(the expected value, standard deviation, measures of skewness, and so on) are 
computed and probability statements can be made about the likelihood that 
various ranges are achieved by each criterion measure. The subsidiary will then 
have the necessary data to rank the proposal relative to all others under 
consideration (which have been run through the simulation) on the basis of its 
risk preferences and its evaluation of the risk-return trade-offs of the various 
proposals. Given this ranking of proposals, a recommendation will be made to 
the parent company concerning the set of proposals that the subsidiary feels 
should be adopted depending on availability of capital. 

Two details should be mentioned about the subsidiary simulation. First, the 
international variables dealing with inflation risks, expropriation risks, risk of 
war, and taxation have been built into the subsidiary simulation. The mechanics 
of handling inflation are discussed below and the treatment of host-country 
taxation is straightforward. The occurrence of expropriation or war was obtained 
through a Monte Carlo determination in each year of the proposal’s useful life. 
When it is established that either of these two events has taken place, the 
associated percentage loss is generated from the appropriate input distribution. 
This result is used to derive the terminal cash inflow of the project as a 
proportion of current salvage value, the yearly cash inflow, and working capital 
accumulated to date because of the project. 

Second, the risk-free rate relevant to the subsidiary company (which will 
usually be different from the risk-free rate for the parent) is used in the 
computation of the NPV and as the relevant hurdle rate for the final comparison 
in the IRR method. More will be said later about the risk-free rate. 
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TABLE 25A-2 Variables of the Subsidiary Simulation Model 

Parameters: 

selling price per unit in year i KS = subsidiary risk-free rate 

depreciation rate for year t 

total number of simulation runs to be considered 

Exogenous variables: 

Stochastic variables with known probability distributions: 

market growth rate for each year t 

initial market size in number of units 

share of the market for each year t 

initial investment required by the proposal 

useful life of investment 

total operating fixed costs in year t 

variable operating costs per unit in year t 

interest cost associated with the project in year t 

other project related costs in year t 

working-capital needs of the project in year t 

tax rate for host country tax on project returns in year t 

rate of inflation in year t 

probability that a war will break out in the host country during year t 
% of loss suffered by the firm if a war occurs in year l 
probability that expropriation will take place in host country in year t 
% of loss suffered by the firm if expropriation takes place in host country 
during year t 

Endogenous variables: 

unit sales generated by the proposal in year t 

total revenue generated by the proposal in year t 

total costs associated with the project in year t 

host country tax on taxable income generated by project in year / 

net income after host country tax generated by project in year t 

net cash inflow generated by project in year t 

book value of the project at the end of year t 

salvage value of the project at the end of year t 

terminal inflow if expropriation or war occurs during year n 

payback period for the investment on the mth simulation run 

net present value for the investment on the mth simulation run 

discounted rate of return for the investment on the mth simulation run 
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TABLE 25A-2 ( continued r ) 

If expropriation (EXJ occurs in year n, determine loss suffered (LEX n ), then: 
TINF„ = (1 - LEX„)(SV„ + NCI„) 

If war (WAR n ) occurs in year n, determine loss suffered (LWAR„), then: 

TINF„ = (1 - LWAR„)(SV„ 4- NCI„) 

PAYB m = period i such that: 

i 

INV- £ (NCI, + IC,) = 0 

/= 1 


NPV m is determined in the usual way: 
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t-l 
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IRR ?n = discount rate r such that 

N 

L 


NCI, 


.= 1 (l + r) 
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Parent-Company Simulation 

The parent company takes a more global view in its evaluation of potential 
projects. It utilizes the empirical data relative to the project per se (i.e., project 
net income after taxes and net cash inflows) developed by the subsidiary 
simulation but also incorporates the critical international variables associated 
with the transfer of funds. These additional risks and uncertainties are built into 
the framework so that the parent can adequately assess the situation before it 
commits funds to a given project in a specific country. Table 25A-3 on page 436 
shows the cash flows from the parent’s point of view. 

Because the parent-company simulation model closely parallels that of the 
subsidiary company shown in Table 25A-2 and Figure 25A-1, they are not 
repeated. It should be mentioned that the identities and operating equations for 
the parent show that all cash flows which cross international boundaries are 
subject to foreign exchange adjustment, international taxation, and quantitative 
controls. In addition, the benefits to the parent company are dependent upon the 
direct savings in the operations, which are a result of the project as well as the 
dividends, profits repatriated, royalties, and interest received from the subsidiary, 
which are tied to the project. Both international and home country tax effects are 
taken into account in computing the net returns to the parent. 

The same measures as before (i.e., internal rate of return, net present value, 
and payback) provide the criteria in the parent’s evaluation of the worth of the 
project. Like each subsidiary, the parent can now rank all proposals on a 
worldwide basis using these empirical distributions and their associated statistics. 
The parent company’s risk preferences and its evaluation of risk-return trade-offs 
of various proposals come into the analysis here. The parent company uses the 
relevant risk-free rate in the evaluation criteria. 
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FIGURE 25A-1 Flow Chart of Subsidiary Simulation 
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TABLE 25A-3 Parent-Company Cash Flows 


Inflows 

Direct savings generated 
by the project 
Profit repatriated 
Dividends 

Royalties and fees 
Interest and loan 
repayments 


Outflows 

Equity funds provided 

Loans provided 
Labor, material, and 
other costs 
Transportation costs 
Taxes paid on dividends, 
royalties, and profit 
repatriated 


Mechanics of the Simulation 

As noted above, the simulation is designed to be flexible and complete, yet 
not overly demanding on the user relative to necessary data inputs. However, it 
was also pointed out that the more precise the input specifications are, the more 
exact and helpful will be the results generated by the simulation. Thus, balanc¬ 
ing these trade-offs, the decision-maker is asked to specify the exogenous vari¬ 
ables as accurately as he can for as many years into the future as possible. It is 
realized, of course, that the farther into the future a user must estimate 
distributions, the greater is the degree of uncertainty. Offsetting this shortcoming 
are two countermeasures: 

1 . The discounting process weighs more distant years less significantly. 

2. Sensitivity analysis is used to determine the impact of changes in the 
input variables on the decision criteria. 

In order to make the variable estimation process as painless as possible, the 
user is given many alternatives to the method of specifying inputs: 

1. The user can provide the parameters of any well-known distribution (e.g., 
binomial, uniform, normal, beta, and so on). 

2. The user can input any discrete distribution that he or she feels is 
appropriate. 

3. The user can specify that the distribution is a composite of various 
distributions. 

Inflation is dealt with in two ways. First, it can be taken into consideration in 
the estimation of the exogenous variables by the user specifying a different 
distribution for each year of the anticipated useful life of the project. Second, the 
distribution can be shifted to the right, every year, by the expected percent 
inflation. This operation can be done for selling price, variable cost, and so on. If 
a single distribution is specified for all periods, the inflation factor is built into the 
simulation and taken into consideration in the yearly revision of the distributions 
for the exogenous variables. 
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One of the important strengths of the model is the way in which it handles 
interdependencies among related variables. Some interrelationships can be re¬ 
flected exclusively by means of an informed and careful specification of the input 
distribution’s exogenous variables, whereas the simulation model has built in 
self-checks in order to adequately handle other dependencies. Examples of the 
former strategy would be where the user would be reminded of the fact that 
expected high rates of inflation in any given year must be associated with larger 
expected changes in foreign exchange rates for that year; further, dividend rates 
and percent of profits repatriated should both reflect those risks associated with a 
given host country inflation risk, war and expropriation risks, taxation policies, 
and quantitative controls. The technique, using built-in checks, is necessitated by 
the fact that only after the value of an exogenous variable is generated by the 
simulation will the appropriate domain for a related variable be determined. For 
example, there is a trade-off between fixed and variable costs associated with 
producing a product—it is reasonable to assume that a high level of fixed costs is 
generally associated with a lower variable cost per unit; thus, the model restricts 
the feasible values of the variable-cost distribution to the lower tail whenever the 
value of total fixed cost generated comes from the upper tail, and vice versa. 
Similar relationships are built in to reflect the trade-offs between market size and 
market growth rate and among selling price, demand relationships, and market 
share. 

One final important point should be mentioned. Because of the two-stage 
analysis of investment proposals—first by the subsidiary and then by the parent 
two different risk-free rates are used. The subsidiary uses its own rate in order 
to determine the proposal’s relative ranking, and if the project should be 
recommended to the parent for acquisition. In a similar vein, the parent uses the 
risk-free rate of its home country to determine whether funds should be com¬ 
mitted to the product. Such an approach gives a double, somewhat independent, 
more stringent screening of proposals. They must survive both cutoff points in 
order to be adopted by the multinational firm. 

It must be strongly emphasized that both the parent and subsidiary simula¬ 
tions use the relevant risk-free rate (rather than the cost of capital or a 
risk-adjusted discount rate) in computing any project’s net present value. Indeed, 
in both stages of the simulation, the discounting operation must only reflect 
discounting for futurity or the time value of money and not for the specific 
riskiness of the project under consideration. The risk element of each investment 
proposal is ascertained in the simulation runs themselves. As we have mentioned 
before in Chapter 22, and as Lewellen and Long point out, to discount cash 
flows on each simulation run “at a rate in excess of the default-free rate” (e.g., 
the risk-free rate) would impose improper double adjustment for uncertainty 
upon the project. 15 Thus, all that is required is to discount these empirical cash 
flows at the risk-free rate in order to arrive at an empirical NPV distribution 
which contains valuable information for both the expected return and riskiness 
of the project under consideration. 

f5 W. G. Lewellen and M. S. Long, “Simulation vs. Single-Value Estimates in Capital Expenditure 
Analysis, Decision Sciences , 3, no. 4 (October 1972), 19-33. 
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Validation and Analysis of the Model's Output 

The following discussion is aimed at providing insight to the users of the 
proposed simulation model in terms of interpreting the final results and utilizing 
them in the capital investment decision process. Several authors have pointed to 
such a gap in theory and practice: Bower and Lessard 16 found in their empirical 
work that simulation models were not used because of “ the inability to translate 
results into simple measures executives could reconcile with their intuition and 
experience and use, with other measures, to make a judgment”; Lewellen and 
Long 17 point to this problem by asking: “What do you do with that impressive 
distribution of possible outcomes once you have simulated? How should the 
information be digested?” Mao and Helliwell found that their three sample firms 
had difficulty in conceptualizing and quantifying risk-return trade-offs. 18 

The simulation methodology not only permits managers to evaluate and 
compare the expected performance of different potential investments, but also 
presents an analytical approach to determine relationships among project vari¬ 
ables and international factors. 

The main output consists of the two empirical profiles of net present value 
(NPV) and internal rate of return (IRR) for both the parent company and for 
the subsidiary. Relevant statistical measures of central tendency variability and 
skewness are computed for each empirical distribution. 

Figure 25A-2 gives an example of the main output. Curve I represents the 
IRR profile for the subsidiary, whereas curve II is for the parent. As can be 
quickly noted in this specific case, the IRR for the parent is everywhere lower 
than the subsidiary’s IRR. However, this need not always be the case (it would 
depend on the influence of such factors as foreign exchange rates, tax differen¬ 
tials, and the relevant risk-free rates). The purpose of these two profiles is to 
make sure that the worthiness of the investment can be evaluated by all groups 
(parent’s managers and possible partners in the country of the investment) with 
their possibly different aspirations. Therefore, an investment is considered attrac¬ 
tive by a particular group only if the proposal meets the criteria of acceptability 
of that group. 

How are these profiles used? As demonstrated by curve I of Figure 25A-2, 
there is a 98% probability that an IRR greater than or equal to 6% can be 
obtained, a 90% probability of the IRR exceeding 10%, a 50% probability of the 
IRR exceeding 15%, and a 10% probability of the IRR exceeding 22%. We 
know that the investment will be worthwhile (from the point of view of the 
subsidiary) if the IRR is at least equal to its risk-free rate. If we assume a 
subsidiary’s risk-free rate of 10%, the chance of having an IRR > 10% is 90 out 
of 100. The decision-makers will have to decide whether they are ready to take 
the risk implied: 90 chances out of 100 of having a “profitable” investment, but 

16 D. R. Lessard and R. S. Bower, “An Operational Approach to Risk Screening,” Journal of Finance 
(May 1973), pp. 245-247. 

17 W. G. Lewellen and M. S. Long, “Reply to Comments by Bower and Lessard and Gentry, 
Decision Sciences , 4, no. 4 (October 1973), 575—576. 

18 J. C. T. Mao and J. F. Helliwell, “Investment Decision Under Uncertainty: Theory and Practice,” 
Journal of Finance , 24, no. 2 (May 1969), 323—338. 
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FIGURE 25A-2 



10 out of 100 of “losing money.” The same analysis needs to be done with curve 

11 from the point of view of the parent. 

The statistics computed from the empirical distributions enable the sub¬ 
sidiary and the parent to evaluate risk-return trade-offs among various alterna¬ 
tives available. Furthermore, the analysis of the output data is rendered more 
sophisticated by the following elaborations. A statistical analysis subroutine using 
the multiple ranking criteria discussed by Kleijnen, Naylor, and Seaks analyzes 
and determines the order of the project desirability and whether statistically 
significant differences exist among the ranked projects. 19 The analysis is per¬ 
formed by each subsidiary and by the parent for all projects considered by the 
multinational firm. Such results are invaluable when the firms are faced with 
capital rationing and multiple, competing investment opportunities and risks. 

Another significant benefit from the simulation approach is that sensitivity 
analysis can be performed. Decision-makers can change the distribution of each 
exogenous variable one at a time or several at a time and have a good 
understanding of the importance each variable has on the attractiveness of the 
investment. It allows an increased comprehension of the relationships among 
variables and their impact on the decision process. This information is extremely 
valuable, especially for the evaluation of the international variables, in particu¬ 
lar for foreign exchange rates, which are difficult enough to forecast. If, for 
example, the final results are found to be affected very little by changes in 

19 J. P. C. Kleijnen, T. H. Naylor and T. G. Seaks, “The Use of Multiple Ranking Procedures to 
Analyze Simulations of Management Systems,” Management Sciences (February 1972), pp. 245-257. 
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currency values, it is clear that the uncertainty of the investment is greatly 
reduced. On the contrary, high sensitivity to foreign exchange rates would warn 
the decision-maker to give special forecasting attention to this variable and to 
consider the addition of an annual cost for hedging against this risk (i.e., a cost 
for “uncertainty absorption” discussed above). 


QUESTIONS/PROBLEMS 


1. Discuss at least four major risks that multinational firms face in their capital budgeting 
activities. 

2. Outline a general approach to capital budgeting for the multinational firm. 

3 . Discuss several “operating strategies” that multinational firms can use to reduce 
foreign exchange risks. 

4. Discuss several strategies that can be implemented to reduce the impact of inflation on 
the multinational firm. 

5. Mention several characteristics that could point to greater risk of expropriation for the 
multinational firm. 

6. Based on the simulation model presented in Appendix 25A, do the following things: 

(a) Outline the suggested two-stage approach for capital investment evaluation by the 
multinational firm. 

(b) For both the parent company and the subsidiary, list the major cash inflows and 
outflows. 

(c) List the major “endogenous variables” that will be used to evaluate and rank 
capital projects. 

(d) Discuss why both the parent company and the subsidiary will utilize their 
respective risk-free rates in conjunction with the simulation. 

(e) Discuss how sensitivity analysis would be performed in conjunction with the 
simulation and why this is important. 



BusiNESS CoiVlbiNATiONS 


The acquisition of one corporation by another qualifies as a capital budgeting 
decision inasmuch as the project involves the alternative usage of investable 
funds. Corporate acquisitions, accordingly, stand or fall by the same criteria 
applied to all discretionary capital expenditures. Consistent with the assumptions 
of financial management, the presumed objective of a combination is to enhance 
the present worth of the joint enterprise and thereby improve the wealth position 
of the common stockholders measured by the market value of their shares. 

The measure of a successful acquisition rests upon the market value of the 
stock. If the market value has increased, the increment in market value (post¬ 
combination) over the preacquisition values denotes the synergistic effects of the 
combination. The gain or loss to any one group of shareholders naturally 
depends upon the exchange ratios, as will be discussed in a following section. 
Because market values trade off risk and return, synergism results only if: 

L The combination increases earnings for the same level of risk. 

Z The combination reduces risk while maintaining the same level of 
earnings. 

3 • Earnings and risk are both changed to improve the risk-return combina¬ 
tion. 


Equally proportionate increases in earnings and risk do not raise market 
values, although the financial statements may show higher earnings per share. 
The combination has merely moved up the security market line. 

Synergism is not easy to obtain and is even more difficult to measure when 
achieved. The criterion assumes a linear relationship between market returns and 
risk (i.e., that the market is efficient). Time is also a factor. Synergistic effects rarely 
appear in the fiscal period following the combination , and it may be many periods down the 
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road before the full benefits of the combination are realized . In the meantime, the 
acquiring firm may have entered upon other combinations and the national 
economy may have moved from one plateau to another. Under these circum¬ 
stances, it becomes almost impossible to quantify precisely the synergistic effects 
of a single combination. 


ACQUISITION STRATEGY 

Many motivations, both personal and financial, inspire business combina¬ 
tions. Not all are consistent with the underlying assumption of financial manage¬ 
ment: to maximize the present worth of the firm or maximize the market value 
of the common shares. Nevertheless, whether a firm undertakes a single merger 
or pursues a policy of continued expansion by combination, it will enhance the 
probability of a successful venture by articulating an acquisition strategy. The 
components of an acquisition strategy relate to decisions on the following points: 

Is internal or external expansion the preferable alternative? 

What is the direction of expansion? 

What is the legal form of expansion? 

What are the appropriate accounting options to structure the combina- 

What tax options will minimize the tax liabilities of the parties? 

Is the combination liable to antitrust action? 

The responses to these inquiries must be integrated into a comprehensive plan 
for intercorporate investments. They are discussed sequentially in the succeeding 
sections. 


1 . 

2 . 

3 . 

4. 

tion? 

5. 

6 . 


INTERNAL VERSUS EXTERNAL EXPANSION 

A firm may expand either internally or externally. Thus far in our discussion 
of the capital investment process, we have limited our examination to the former, 
so it is valuable at this juncture to enumerate the primary advantages and 
disadvantages of internal expansion. This will provide a benchmark for compari¬ 
son as we examine external expansion. 

Internal expansion enjoys the following advantages: 

1. The valuation process of expansion by combination is avoided. 

2. There are fewer accounting and tax problems to resolve. 

3. The problem of minority stockholders does not arise. 

4. Subject to some qualification, the situation may diminish the likelihood of 
unfavorable antitrust action. 

5. The firm has the opportunity to acquire new facilities designed and 
located specially to meet its operational requirements, and, as a corollary, 
management has the opportunity to entrench the firm as a low-cost producer. 
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The disadvantages inherent to internal expansion also warrant close consid¬ 
eration: 

L The availability of funds (retained earnings or issuance of new securities) 
limits the scope of the expansion programs. 

2. The disbursal of funds to acquire new assets may drain liquidity. 

3. The tempo of expansion depends upon the construction period or lead 
times of the assets concerned. 

Alternatively, if the firm expands by combination, it will enjoy other 
advantages: 

L The funds available for expansion may be supplemented by the issuance 
of securities so that more expansion can be accomplished for the same dollar 
outlay and, as a corollary, to the extent the combination is financed by the 
exchange of securities, liquidity is conserved. 

2. The firm secures additional facilities at once. 

3. The acquisition may reduce the number of competitors or otherwise 
improve market control. 

4. If the transaction meets IRS criteria, it may qualify as a tax-free 
exchange. 

5. The combination may be the vehicle for recruiting new managerial 
talent. 

Disadvantages associated with combination include the following: 

L The process of negotiation encompasses valuation problems, choice of 
accounting methodology and tax treatment, and the question of minority 
interests. 

2. All things equal, the situation carries a higher probability of antitrust 
prosecution. 

3. Depending upon the terms of exchange, the transaction may create a 
substantial tax liability for the selling corporation. 

4. The acquiring firm may have to invest additional funds to integrate the 
facilities into its operational pattern. 

5. The success of the combination depends upon the ability of management 
to mesh in a single operation two previously independent organizations. The 
human equation in this regard presents a substantial challenge. 

Of the two approaches, internal expansion predominates, but expansion by 
combination is more common as the asset sizes increase. 


DIRECTION OF EXPANSION 

The achievement of synergistic effects depends upon the economic substance 
of the combination, that is, the earnings potential and risk posture of the joint 
enterprise. In terms of economic substance there are five basic classes of 
combinations, which are described below: 
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1. Vertical combination. The acquiring firm expands backward toward sources 
of supply or forward toward market outlets. The United States Steel Corpora¬ 
tion, for example, sought a completely integrated system from the raw-material 
stage to the finished product. More recent illustrations of vertical combination 
include the acquisition of Conoco by DuPont (1981) and Pillsbury’s acquisition 
of Burger King (1978). Potentially, vertical combinations can stabilize the supply and/or 
demand schedules of the acquiring company, reduce inventories, facilitate production planning, 
and economize on working capital investment. 

2. Horizontal combination. This entails the amalgamation of competing firms 
at the same stage of the industrial process. Examples include the 1973 Coca Cola 
Bottling acquisition of Franzia Brothers Winery and McDonnell’s acquisition of 
Douglas Aircraft Company (1967). In addition to reducing the degree of competition, 
horizontal combinations offer the prospect of eliminating duplicate facilities and op¬ 
erations, reducing the investment in working capital, a broadened product 
line, and better market control. 

3. Product extension . This strategy unites companies which are functionally 
related in production and/or distribution but sell products that do not compete 
directly with one another. Examples include Sperry-Rand’s acquisition of Uni- 
vac (RCA) and American Express Co.’s acquisition of Shearson Loeb Rhoades 
(both in 1981). 

4. Market extension. Mergers in this category add to the product market 
served by the acquiring firm; that is, the acquiring and acquired firms manufac¬ 
ture the same product but sell it in different geographic markets. Dairy, 
beer, cement, and oil producers are the most common source of market 
extension combinations. 

5. Conglomerate combination. The conglomerate combines firms in different 
lines of endeavor. General Dynamics, for example, spans such diverse operations 
as aerospace manufacture, surface and subsurface marine vehicles, rubber and 
tire manufacture, and communications. Among so diversified a collection of outputs, it 
seems difficult to envision operating economies, although risk pooling may reduce financing 
charges. On the other hand, the market value of the whole enterprise may increase through 
reducing the variance in total revenues by including firms that covary unequally with 
fluctuations in general business activity, by increasing capacity to leverage the capital 
structure, and by improving substandard earnings of the component units. 

It is easier to enumerate the theoretical advantages of different combinations 
than to achieve them in practice. Larger size does not invariably equate with 
greater efficiency. Problems of managerial effectiveness afflict all organizations, 
but they grow disproportionately with size. Paperwork proliferates and 
bureaucratic red tape discourages initiative. Moreover, the advantages of special¬ 
ization can be lost with integration. Studies by the Federal Trade Commission 
and independent bodies suggest that the largest firms in an industry are not 
always the lowest-cost producers. 

The particular direction of expansion varies with the circumstances of the 
day and the evolution of industry. Vertical and horizontal combinations 
dominated the scene in the nineteenth and the first half of the twentieth 
centuries. The 1950s saw the emergence of the conglomerate movement, which 
reached an apogee in the late sixties. By 1980, the statistics evidenced some 
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deconglomeration as firms moved to simplify their corporate structures under the 
pressure of rising interest rates. Combinations also wax and wane with the 
business cycle—flourishing in prosperity and receding in recession. Tables 26-1 
and 26-2 put an historical perspective on the types of combination in the 
post—World War II period. 


TABLE 26-1 Large Acquisitions in Manufacturing and Mining, by Year 

1948-1978 


Number of 

Year __ A cquisitions 


1948 

4 

1949 

6 

1950 

5 

1951 

9 

1952 

16 

1953 

23 

1954 

37 

1955 

67 

1956 

53 

1957 

17 

1958 

42 

1959 

49 

1960 

51 

1961 

46 

1962 

65 

1963 

54 

1964 

73 

1965 

64 

1966 

76 

1967 

138 

1968 

174 

1969 

138 

1970 

91 

1971 

59 

1972 

60 

1973 

64 

1974 

62 

1975 

59 

1976 

81 

1977 

100 

1978 b 

110 

Total 

1,923 


a Acquired firms with assets of $10 million or more. 
b Figures for 1978 are preliminary. 


Assets* 

($ Millions) 

63.2 

89.0 

186.3 

201.5 

373.8 

779.1 

1.444.5 

2.165.7 
1,882.0 

1.202.3 
1,070.6 

1.431.1 

1.535.1 
2,003.3 
2,251.9 

2.535.8 

2.302.9 

3.253.7 

3.329.1 

8.258.5 
12,580.0 
11,043.2 

5.904.3 

2.459.9 

1.885.5 

3.148.8 

4.466.4 

4.950.5 

6.279.2 
9,004.2 

10,705.5 

108,786.9 


Note: Not included in above tabulation are companies for which data are not 
publicly available. There were 523 such companies with assets of $13,802.9 million 
for period 1948-1978. 


Source: Bureau of Economics, Federal Trade Commission. 
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LEGAL FORMS OF COMBINATION 

Interrelated with the economic objective of expansion is the legal form of the 
combination. Economic objectives influence management structure (e.g., central- 
ized versus decentralized management) and particular legal forms facilitate one 
or the other types of management structures. Specifically, the form of combination 
impacts on the time required to effect the combination, the ease of financing, the degree of 
management control, the flexibility of the organization, the degree of permanence in the 
arrangement, and the tax liability of the enterprise. The principal forms of combination 
purchase of assets, mergers and consolidations, and formation of holding 
companies—are discussed below. 


Purchase of Assets 

As the term implies, the acquiring firm may purchase all or some of the 
seller’s assets and assume all, some, or none of his liabilities. For example, 
die sale of the RCA computer division to Sperry-Univac falls into thus category’ 
The procedure has several advantages: 

/. The sale may not require the approval of the selling corporation’s 
stockholders. Unless the sale changes the character of the seller’s business 
(the sale of goodwill or property forming an integral part of the business), 
the transaction would not require the consent of the stockholders. 

2. In contrast to the merger approach described below, purchase of assets 
has an inherent flexibility. The acquiring corporation may purchase only those 
facilities pertinent to its operations and may or may not assume any liabilities. 
Consideration may take the form of cash, securities, or a combination thereof. 

3. Tax shields may be created if the sale results in a capital loss to the seller. 

4. The acquiring corporation does not inherit the personnel or management 
problems of the selling firm. 

The disadvantages associated with the purchase of assets also warrant close 
attention: 

/. If the sale requires the consent of the shareholders, the usual problems of 
minority rights arise. Creditors, however, cannot object in the absence of fraud, 
and their liens follow the property subject to the attachment. 

2 . If the selling firm realizes a large gain, substantial tax liabilities may be 
involved. 

3. Some state laws mandate the approval of the seller’s stockholders when 
the buyer purchases the assets by issuing stock in exchange for assets. 


Merger and Consolidation 

Technically speaking, in a merger, the acquiring firm assumes all the assets 
and liabilities of the seller and the latter is dissolved. Consolidation involves 
forming a new corporation which assumes the assets and liabilities of two or 
more selling corporations. The latter are then dissolved. The reader should bear 
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in mind, however, that the term merger in popular usage describes all business 
combinations. 

By way of illustration, in 1954, the Nash Corporation, renamed American 
Motors Corporation, acquired by merger the Hudson Motor Car Company. 
Hudson shareholders received two American Motors shares for each three 
Hudson shares. Nash stock exchanged share for share. In 1967, a new company, 
McDonnell Douglas Corporation, was formed to consolidate the McDonnell and 
Douglas corporations. Douglas shareholders received 1.75 shares of the new 
firm’s common for each Douglas share. McDonnell shares were swapped on a 
one-to-one ratio. 

Some advantages of the merger or consolidation include the following: 

1. Taxes on intercorporate dividends may be eliminated. 

2 . Financial reporting is simplified by elimination of consolidated financial 
statements. 

3. Centralization of authority is facilitated. 

4. The tax expense of maintaining separate corporate entities is eliminated. 

5. It may be possible to effect a merger or consolidation as a tax-free 
exchange. 

Disadvantages must also be considered. 

1. There may be some loss of goodwill. When a small company combines 
with a significantly larger firm, circumstances dictate the dissolution of the 
smaller organization. This may result in loss of some goodwill. 

2. The arrangement is inflexible. The acquiring corporation must assume all 
the assets and liabilities of the seller, including those of only peripheral impor- 

tance. . 

3. Stockholders of both corporations must assent to the combination. Dis¬ 
senting stockholders may demand an appraisal of their holdings and payment in 
cash. Dissenters may also sue to test compliance with the legal formalities 

stipulated by state law. . 

4 . Negotiators must wrestle with the question of valuation, choice of 
accounting method, and the tax status of the selling firm s shareholders. 

5. The perennial managerial problem of blending two previously distinct 
organizations remains. The Penn Central combination is a prime example. 


Holding Company 

Generally speaking, any corporation that invests in the stock of another firm 
constitutes a holding company. Holding companies function in all fields of 
business but are common to public utilities and banking, where legal restrictions 
set geographic limits on the establishment of new facilities. Within the study of 
capital investment, we are concerned with two objectives of a holding company, 
investment and control. Control might signify majority ownership of the out¬ 
standing shares, but often, especially if the subsidiary is a large corporation with 
scattered stock ownership, the investor may secure de facto control with relatively 
few shares, perhaps only 20% of the outstanding stock. 




Chapter 26: Business Combinations 449 


There are two functional types of holding companies : pure holding companies and 
holding-operating companies. The former have no operating functions. The assets 
consist solely of holdings in subsidiary stocks, bonds, and loans, while the chief 
sources of income are the dividends, interest, and fees earned from providing 
services to the subsidiary units. The United States Steel Corporation and 
American Home Products were formed initially with the prime purpose of 
acquiring stocks in operating companies. The latter represents a mixed form. 
General Motors, initially organized as a pure holding company, was reorganized 
as an operating company by converting the subsidiary corporations into GM 
divisions. However, the company still retains subsidiary investments in General 
Motors Acceptance Corporation and various foreign affiliates. 

Several factors recommend the holding company: 

/. It is not necessary to secure the consent of stockholders of the subsidiary 
corporations, and the need to pay off dissenters does not arise. 

2. The parent acquires a going concern intact without loss of goodwill; if 
cash is paid to purchase subsidiary stock, a sum far less than the net value of the 
subsidiary’s assets need be invested to acquire control. The parent has only to 
gain sufficient outstanding shares to ensure control, and where the subsidiaries 
have large blocks of long-term debt outstanding, this can represent a small 
portion of the total assets brought under control. The pyramiding of debt 
leverages the parent’s investment. 

3. The parent need not assume the liabilities of the subsidiary corporations. 

4• It may make possible a combination of enterprises which legislation 

would not permit under a single corporate roof. By the late 1960s, virtually all 
the nation’s larger commercial banks converted their corporate structures to 
holding company form to enable them to undertake such diverse functions as 
data processing, insurance, mutual fund sales, investment advisory services, and 
leasing. As banks they could not participate in these activities. 

5. The holding company organizational form facilitates decentralized oper¬ 
ations over state and international boundaries. 

Several factors that detract from the holding company organization must be 
considered: 

/. The structure may prove unstable. If the subsidiary fails to pay dividends 
on its preferred or misses an interest payment, the parent’s investment may be 
lost or its control jeopardized. 

2. The income tax laws work to the disadvantage of the holding company. 
If the holding company owns less than 80% of the subsidiary’s stock, it must pay 
a 15% tax on dividends received from the subsidiary. This creates three tiers of 
taxation: the operating companies on the original income earned, the parent 
holding company in receipt of dividends from the operating company, and the 
holding company’s stockholders on the dividends they receive from the parent. 

3 . Maintaining separate corporate entities duplicates expenses: franchise 
taxes, annual meetings, officers’ salaries, and so on. 

4. Minority interests of the subsidiary corporations can prove troublesome. 
The minority is there to challenge intercorporate transfers, accounting methods, 
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inventory control, or practices that appear to “exploit” the subsidiary 
corporations. 

5. Because of historical abuses, the holding company device is regulated by 
the SEC under the Public Utility Holding Company Act of 1937 and the ICC 
under the Interstate Commerce Act. 

To recapitulate, an acquisition strategy should first define the economic substance of 
the combination, that is, whether the objective is to increase revenues, achieve operating 
economies, diversify, readjust the financial structure, or reduce the risk of ultimate failure} 
This will largely determine whether the combination is best accomplished by 
internal financing or by acquisition. It will also influence the management 
structure: the degree of centralization and the arrangement of line and staff 
functions. 

Economic substance also influences the choice of accounting methodology; 
that is, the accounting system should record the nature of the economic event 
taking place. It should record the economic substance of the transaction on a 
basis that permits comparison of precombination and postcombination results 
and facilitate the prediction of future performance. At any rate, this represents 
the theory. In practice, the choice of accounting methodology—purchase or 
pooling—has become the source of much argumentation, and the suspicion 
persists that some recent combinations would not have taken place except for the 
accounting options available. Since the choice of accounting methodology can 
affect earnings per share, the accounting numbers figure prominently in an 
acquisition strategy. 


THE ACCOUNTING DECISION 

Copeland and Wojdak stated the essense of the accounting decision in 
business combinations: 2 

The manipulative quality of the purchase-pooling decision rule derives from the 
fact that acquired assets may be valued differently under the two methods. If a 
merger is accounted for as a purchase, acquired assets are recorded at the fair 
value of the consideration given by the acquiring company; however, under the 
pooling method they are valued at their pre-acquisition book values.... The 
method that minimizes asset values usually maximizes profits [emphasis added]. 

Minimizing asset values on the books reduces future charges against income. Hence, if 
book values exceed market values, the decision rule dictates a purchase treatment. When this 

‘The reader will correctly observe that the statement oversimplifies the problem of motivation 
underlying merger activity. Mixed motives may predominate, the parties in interest having different 
objectives in fostering the combination. In some instances, the predominant objective may look to 
speculative gains from rising market prices or the issuance of new securities. The lurid details of “ big 
killings” decorate business history books. Yet, if the combination survives, it must serve an economic 
purpose and indeed without some ostensible economic rationale, the stock market would probably 
not react positively to the announcement of the combination. 

2 Ronald M. Copeland and Joseph F. Wojdak, “Income Manipulation and the Purchase-Pooling 
Choice,” Journal of Accounting Research (Autumn 1969), pp. 188-195. 
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condition is reversed, the pooling of interest is the appropriate treatment . But two 
assumptions underlie the rule: that management seeks to maximize future 
accounting incomes; and accounting numbers determine the market value of the 
common shares (i.e., the value of the combination). 3 4 

Empirical evidence supports the first assumption. Gagnon investigated a 
sample of 500 mergers from New York Stock Exchange listing applications for 
the period 1955-1958. He found approximately 51% followed the proposed 
decision rule. Copeland-Wojdak showed a much higher incidence of maximizing 
behavior in the period 1966-1967. 5 They concluded: 


There has been a trend toward pooling since 1958... and the results strongly 
support the hypothesis that firms record mergers by the method that maximizes 
reported income. 


A study by Anderson and Louderback covered the period 1967-1974. 6 They 
found about 86% of the surveyed firms followed the decision rule. Their findings 
seemingly lend support to an observation of Wyatt: 7 

Accounting for a combination is commonly decided in advance of consumma¬ 
tion of the transaction. That is, the accounting treatment is one of the variables that must 
be firmed up before the final prize (in terms of exchange ratios ) is determined [emphasis 
added]. 


The accounting methodology is an important element in the overall acquisition 
strategy. It effects such factors as the earnings per share, asset values, and 
retained earnings of the combination. The major accounting options available in 
business combinations are purchase or pooling. 


Purchase 

<t Accounting Principles Board (APB) Opinion No. 16 defines a purchase as a 
business combination of two or more corporations in which an important part 
of the ownership interests in the acquired corporation or corporations is 
eliminated.” The notion is one of discontinuity in voting participation, financial 
structure, and accountability. The characteristics of a purchase transaction 
follow from the definition: 

3 Ibid. 

4 i ean '^ arie , Ga S non > ;‘ Purcha * e v. Pooling-of-Interests: The Search for a Predictor,” Empirical 
Research in Accounting: Selected Studies, 1969. Supplement to Journal of Accounting Research, pp. 187-204. 
Ronald M. Copeland and Joseph F. Wojdak, “Income Manipulation and the Purchase-Pooling 

Choice, Journal of Accounting Research (Autumn 1969), pp. 188-195. 

6 John C. Anderson and Joseph G. Louderback III, “Income Manipulation and Purchase-Pooling: 

, °me Additional Results,” Journal of Accounting Research (Autumn 1975), pp. 338-343 

Arthur R. Wyatt, “Discussion of Purchase v. Pooling-of-Interests: The Search for a Predictor,” 

Empirical Research in Accounting: Selected Studies, 1967. Supplement to Journal of Accounting Research, pp. 
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1. The acquiring corporation views the transaction as an investment; that is, 
if the value of the consideration (cash and/or securities) exceeds the appraised 
value of the assets acquired, the excess may be recorded as goodwill. APB 
Opinion No. 16 requires that the portion of the excess recorded as goodwill be 
amortized against earnings over some reasonable period. The charge against 
earnings, on the other hand, while lowering accounting net income, does not 
qualify as a tax deduction. Other things being equal, taxable income exceeds 
accounting income. 

2 . The surviving firm records the acquired assets at their cost (i.e., current 
value), not the book value to the selling corporation. A new basis of accountabil¬ 
ity is established, possibly resulting in higher depreciation charges against income 
with consequent effects on earnings after taxes. 

3. Considerations may take the form of debt securities, stock, and/or cash. 
Securities issued by the acquiring corporation are deemed to have been issued at 
current market values. Debt securities and cash are frequently used to reduce the 
participation of the acquired firm’s shareholders in the management of the 
surviving corporation. As a corollary, if the surviving corporation had acquired 
its own voting stock (Treasury stock) in contemplation of the combination, the 

transaction must be recorded as a purchase. 

4. The seller corporation’s liabilities become the obligations of the surviving 
firm. However, the seller’s retained earnings are not added to those of the 
surviving firm. Purchase accounting , in effect , capitalizes the retained earnings of the seller. 
The basic notion is that one company cannot increase its retained earnings by 
buying another company. 

As contrasted to pooling, purchasing suffers several disadvantages which can 
prove to be fatal impediments to a management seeking to demonstrate quickly 
the wisdom of the combination: 

1 Given the presence of goodwill and/or a higher basis of accountability on 
depreciable assets, net income will be lower than if the transaction were 

consummated as a pooling. t , , 

2 . There are negotiation problems. If the consideration includes cash, the 
seller may incur substantial taxable gains and demand a higher price to offset 
the tax bite. Or, the acquiring firm may wish to allocate the purchase price to 
assets that may be amortized to reduce taxable income while the seller may seek 
to allocate the purchase price against assets that reduce taxable gams. The 
objectives may be in juxtaposition. 

3. The investor corporation requires earnings projections on the seller under 
a variety of purchase terms. This implies an understanding of the accounting 
methods adopted by the seller in calculating net income and an estimate of the 
current value of the seller’s assets. 

An important limitation of the purchase option should be mentioned at this 
point. Under purchase , the acquiring corporation includes all of the seller's assets and 
liabilities in its consolidated statement , no matter when during the fiscal period the transaction 
was consummated. However , on the consolidated income statement , it picks up only the income 
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of the seller applicable to the period between the transaction date and the end of the fiscal 
period. 

The choice between purchase or pooling depends upon the state of the 
economy, the earning capacity of the combining firms, their financial structures, 
and the objectives of the ownership interests. In general, focusing only on the 
accounting numbers, purchase is the choice if the book value of the acquired 
assets exceeds their fair market value and the effective yield on the financing 
used is less than the return on assets for the acquired company. This situation 
tends to be more prevalent in a period of declining business activity. Conversely, 
in a period of expansion, market values tend to exceed book values and pooling 
may seem the attractive option. 

Pooling 

APB Opinion No. 16 describes pooling as a business combination in which the holders 
of substantially all the ownership interest in the constituent corporations become the owners of 
a single corporation that owns the assets and businesses of the constituent corporation. 
Continuity of voting participation and operation is the core of a pooling arrangement. Some 
specific features of this accounting treatment include: 

L The acquisition is not viewed as an investment; rather, the two predeces¬ 
sor corporations combine into a single entity. 

2. The original accounts (assets and liabilities) are carried over to the 
combined entity at book values. The transaction does not create a hew basis of 
accountability or generate goodwill. 

3. A pooling must be accomplished by an exchange of voting stock between 
previously independent companies. Bond and preferred stocks that alter the 
structure of ownership may not form part of the consideration. For the same 
reason, cash is ruled out along with Treasury stock acquired in contemplation of 
the merger. 

4. Since assets and liabilities carry over at book values, the retained earnings 
of the seller corporation carry over to the combination. 

5. On the same premises, the minority interest is left untouched by the 
pooling of the majority interests. 

The stated capital of the pooled companies may be greater or less than the 
total capital of the individual units. If it is greater, the excess is deducted first 
from the total of any other contributed capital and then from the consolidated 
retained earnings. If it is less, the difference is reported on the consolidated 
balance sheet as excess over par. 

Distinct advantages can accrue to management through executing a pooling 
of interests: 

i. The transaction may qualify as a tax-free exchange if it also meets 
Internal Revenue criteria. 

Z The transaction does not drain liquid assets or increase the debt/equity 
ratio of the combination. 

3. All things equal, pooling results in a higher net income due to the 
absence of goodwill and no change in the basis of accountability. 
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4. Regardless of market values, the postcombination entity bears responsibil¬ 
ity only for the dollar amounts that existed prior to the combination. Hence, if 
synergism results, pooling can create “instant growth” in earnings. As a general 
rule, pooling is desirable if the assets of the acquired company at book are 
undervalued in relation to actual or potential earning power. 

5. Retention of retained earnings may permit the combination to write off 
any deficit on the books of the acquiring firm. 

6. In contrast to the purchase transaction, the combination may pick up not 
only the assets and liabilities of the constituents but their full income irrespective of 
the transaction date—even after the close of the fiscal year or before the auditors 
arrive. 

The advantages to pooling are easily demonstrated in a situation where all 
variables are constant except for the choice of accounting method. The real 
world, on the other hand, affords few instances for such simple laboratory 
comparisons. Instead, the relative advantage to pooling will depend upon the 
specific terms of the combination: the asset values, type and amounts of 
consideration, presence of goodwill, and so on. Earnings per share could be 
higher under purchase accounting depending upon the consideration mix and 
asset values. This complicates the researchers’ problem of assessing whether 
security markets ignore accounting numbers in pricing the common shares of a 
business combination. The accounting effects may be clouded by the presence of 
other variables. 

In summary, pooling sees nothing of significance in the event: Assets are the same as 
prior to the combination and the management structure remains mostly untouched. Hence, the 
accounting record should leave the relationships undisturbed and the market value of the shares 
issued to effect the combination is of no consequence for the accounting entries. Conversely, a 
significant change in voting rights or the sale of substantial portion of the business suggests a 
purchase transaction. 


Accounting Methodology and Security Prices 

Combination by purchase or pooling of interests can result in significant 
differences in earnings per share. Do security prices reflect these differences? Will 
the market price of the common shares be higher if the combination is effected as 
a pooling rather than a purchase? Does the accounting treatment convey 
important information to the user of financial statements? To this point, we have 
assumed that managements believe in the importance of accounting numbers in 
shaping security prices. They are not alone. It is also widely believed by business 
writers that stockholders of companies using pooling make abnormal gains from 
higher stock prices as a direct consequence of reporting relatively higher earn¬ 
ings. 

For example, Copeland and Wojdak sampled 169 poolings 8 and estimated 
that earnings were overstated by 3% to 98.15%. Lintner agrees that companies 
which manipulate accounting numbers in mergers successfully mislead share¬ 
holders and raise the aggregate value of the combination even in a perfect 

8 Ronald M. Copeland and Joseph F. Wojdak, “Valuation of Unrecorded Goodwill in Merger-Minded 
Firms,” Financial Analysts Journal (September-October 1969), pp. 57-62. 
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securities market. 9 Mosich gives a theoretical estimate of a 60% increase in stock 
price of a typical merging company choosing pooling instead of purchase 
accounting. 10 

On the significance of the accounting treatment for the user of financial 
statements, the FASB surveyed analysts using financial statements in making 
investment and credit decisions. 11 Most respondents expressed a greater need for 
appropriate disclosures about a combination rather than preference for a partic¬ 
ular accounting method. With better disclosure, the analyst can adjust the 
statement amounts to reflect the economic and financial impact of the combina¬ 
tion. Burton surveyed 210 financial analysts and found them evenly split as to 
whether purchase or pooling presented data more meaningfully. 12 Yet a survey 
of 64 financial analysts by Bullard showed a marked preference for purchase 
accounting. In general, these and other surveys show no unanimity among 
users of financial statements regarding a preference for a particular accounting 
treatment, nor do they provide much information about why users of financial 
statements prefer a particular accounting treatment. Implicitly, however, the 
evidence points to a general conclusion; namely, analysts are alert to the effect 
on earnings of recording the combination as a purchase or pooling. It would 
seem they would allow for these effects in evaluating the combination. 

Recent studies, looking at the informational content of alternative account- 
ing methods and their effects on stock prices, seem to confirm the conclusion. 
These studies report that accounting manipulations not accompanied by real 
economic impacts (cash flows) have no statistically significant effects on stock 
prices. Apparently, the presence of alternative sources of information on corpo¬ 
rate performance enables investors to look beyond the accounting numbers in 
assessing equity securities. Therefore, if the market is efficient, it will respond to 
the real economic consequences of the combination. Kaplan and Roll, Sunder, 
and Ball all report that differences in accounting methodology have no statisti¬ 
cally significant effect on security prices, and accounting data are unimportant 
relative to the aggregate supply of information. 

But the evidence leaves much room for reasonable doubt, and so the 
argument will continue unabated. It will take more substantial evidence than is 
currently available to convince businessmen that accounting strategy has neutral 
effects on the market value of the combination. 


Tax Options 

Accounting advantages may not harmonize with preferred tax treatments. 
An acquisition strategy to optimize tax benefits for the acquiring corporation 


9 J. Lintner, “Expectations, Mergers and Equilibrium in Purely Competitive Securities Markets” 
American Economic Review (1971), pp. 101-111. ’ 

10 A. N Mosich, “Impact of Merger Accounting on Post-Merger Financial Reports,” Management 
Accounting (December 1965). 

Financial Accounting Standards Board, Accounting for Business Combinations and Purchased Intangibles 
(August 19, 1976), pp. 36-40. s 

12 J°hn C. Burton, Accounting for Business Combinations (New York: Financial Executives Research 
Foundation, 1970). 

13 Ruth Harper Bullard, “The Effect of Accounting for Combinations on Investor Decisions ” The 
University of Texas at Austin, August 1972. 
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may result in a lower earnings per share. For example, a cash transaction treated 
as a taxable exchange and a purchase may generate higher tax shields and increased 
cash flow but carry a lower earnings per share, owing to added depreciation 
charges and the amortization of goodwill. To further complicate the issue, the 
criteria for a tax-free exchange and pooling differ. Hence, it is sometimes possib e 
to treat the acquisition as taxable to obtain depreciation tax shields and for 
accounting purposes as a pooling to secure higher earnings per share. 

Tax strategies conflict and the tax objectives of the buyer and seller may not 
coincide. Tax objectives depend upon a comparison of the purchase price for the 
property acquired and the seller’s tax basis on the stock or other assets sold. 
Where purchase price is less than the tax cost, the seller will likely opt for a 
taxable transaction. Conversely, if the purchase price exceeds the tax cost, the 
seller more often seeks a tax-free transaction. The buyer, on the other hand, 
would aim at tax-free exchange in the first instance and a taxable exchange in 
the second case. Then, too, the tax position of the shareholders may differ from 
the tax position of their corporation so that what is good for one may not under 
all circumstances meet the interests of the other. The issue arises depending on 
whether the corporation is disposing of assets or its stockholders are selling their 

shares in a takeover situation. . , . 

Buyer and seller may also disagree over the allocation of the purchase price 
in a taxable transaction. The buyer strives to allocate the purchase price to 
depreciable property in order to capture the tax shields. The seller, on the other 
hand, seeks to allocate the purchase price to assets that qualify for capital gams 
or to those assets where the tax basis approximates or exceeds their purchase cost. 
The seller will also resist the allocations to inventories, since gains on inventory 

investment are taxable as ordinary income. 

Finally, a tax-free exchange does not imply forgiveness, only deferral. I he 
seller does not pay a tax at the time he or she exchanges his or her stock for 
shares in the acquiring corporation. Instead, the tax basis of the original shares 
becomes the basis of the new shares, and the seller pays a tax calculated on this 
basis when he subsequently disposes of the new shares. In short, no tax is payable 
at the time of the stock swap. Further, if the seller wills the shares to his or her 
estate, they are valued to the estate on the basis of their current worth at time of 
death and the entire capital gain is thus avoided. The latter arrangement at best 
gives the seller a vicarious satisfaction—wherever he or she may be. 


IDENTIFYING TAKE-OVER OPPORTUNITIES 

The articulation of an acquisition strategy (covering economic substance, 
accounting methodology, tax objectives, as well as the pertinent options under 
the security and antitrust regulations) sets the stage for the process of identifying 
a potential merger partner. No matter what the particular techniques employed 
(and each practitioner has his own angle) selection requires a forecast of future 
earnings and assessment of risk. There are two fundamental approaches: present 
value analysis and capital asset pricing. These are discussed below. 



Chapter 26: Business Combinations 457 


Present-Value Analysis 


When present-value analysis is used, the earnings of the acquired firm are 
projected and discounted at the investor’s cost of capital to obtain a theoretical 
market price on the shares of the investee corporation. This is compared to the 
actual market price to determine the net present value of the investment. 

Assume that Alpha, Inc., is considering the acquisition of 100% of Delta’s 
voting shares. Alpha’s cost of capital is 10%. Delta has maintained a constant 
payout ratio with the current dividend at $1 per share. Earnings are expected to 
grow at 9% annually. Delta’s shares currently sell at $52. The theoretical price of 
Delta’s shares, using the dividend valuation model from Chapter 8, is: 

A = Z) 0 (l +£) = $1.00(1.09) (1) 



$1.09 

A 

K-g 


$1.09 

0.10-0.09 


= $109 


Because the theoretical price exceeds the market price (or cost of the investment) 
of $52, the NPV equals $57 per share. The situation, accordingly, warrants 
further investigation of Delta. 

The NPV approach has several shortcomings. The analysis assumes that the 
acquired corporation will do as well after the combination as before (i.e., in the 
case of Delta, it will at least maintain the 9% growth rate). More important, if 
the acquired company is large relative to the size of the investor, the acquisition 
will likely change the risk-return characteristics of the surviving firm. This alters 
its cost of capital and upsets the calculation of NPV. Also, unless NPV is put on 
an expected value basis and the variance and covariances calculated, the method 
does not specifically assess the risk posture of the combination (i.e., the portfolio 
effects). Thus, the analysis at best provides only a point of departure for further 
investigation of a merger candidate. 


Capital Asset Pricing 

The NPV approach has the advantage of using concepts familiar to 
everyday financial practices. The CAPM (capital asset pricing model), however, 
enjoys theoretical superiority. 14 Following the procedures of Chapter 17, CAPM 
employs the security market line or the market price of risk as the hurdle rate 
in identifying a potential merger partner. A required return is calculated, 
E(Rj) = R F + [E(R m ) — R f ](Bj) and compared to an expected return, E(Rj), 
calculated independently. If the expected return exceeds the required return, 
E(Rj) > E(Rj), the acquiring firm has a potential merger partner. In this case 
E(Rj) lies above the security market line. 

In Table 26-3 we have assumed four possible states of the economy with 
related probabilities (P s ), and rates of return for the market index (R m ) and the 
potential merger partner ( Rj ). These rates of return depict the performance of 


14 Subject to the restrictive assumptions discussed in Chapter 18. 
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TABLE 26-3 Selecting a Merger Partner by CAPM 


States of the Economy 

Ps 

R m 

r j 

Revival 

0.20 

0.10 

0.15 

Prosperity ( S 2 ) 

0.50 

0.15 

0.20 

Recession (£ 3 ) 

0.20 

0.08 

0.06 

Depression (S 4 ) 

0.10 

1.00 

0.06 

0.03 


Market Parameters 



Ps 


(Ps)(PJ 

Pm E(R m ) 

[R m -E(R m )] 2 

[R m -E(R m )r 

s x 

0.20 

0.10 

0.020 

-0.017 

0.000289 

0.0000578 

s 2 

0.50 

0.15 

0.075 

+ 0.033 

0.001089 

0.0005445 

So, 

0.20 

0.08 

0.016 

-0.037 

0.001369 

0.0002738 

s. 

0.10 

0.06 

0.006 

-0.057 

0.003249 

0.0003249 



E(R m ) 

= 0.117 



o£ = 0.0012010 


Cov RjR r 



Ps 

Rj ( p s)( R j) 


d m = 

dj d m 

djd m P s 


R m -E(R m ) 

s x 

0.20 

0.15 0.030 

+ 0.005 

-0.017 

-0.000085 

-0.0000170 

s 2 

0.50 

0.20 0.100 

+ 0.055 

+ 0.033 

+ 0.001815 

+ 0.0009075 

So, 

0.20 

0.06 0.012 

-0.085 

-0.037 

+ 0.003145 

+ 0.0006290 

s 4 

0.10 

0.03 0.003 

-0.115 

-0.057 

+ 0.006555 

+ 0.0006555 



E{Rf) = 0.145 



Co v(Rj, R„ 

,) =0.0021750 


Assume 

a 6% risk-free rate ( R F ). 




Then 








B = 

Co V (Rj,R m ) 

0.0021745 

= 1.81 



0.001201 


Therefore, 


£(^ 0 ) = ,R F +[£(«J-fi F ]fi,- (2) 

= 0.06+ (0.117-0.06)1.81 
= 0.163 

the market index and the acquiring firm over the past business cycles (which are 
expected to hold for the future), or they may be projections of future perfor¬ 
mance allowing for deviations from past behavior. Either approach may be used. 
Note in Table 26-3 that the required rate of return E(Rj) = 16.3% exceeds the 
expected return E(Rj) — 14.5%, so j would not qualify as a desirable merger 
partner. 

The contribution of the acquired firm to the combination’s variance-of-equity 
rate does not affect the accept or reject decision based upon the market price of 
risk, so diversification (the reduction of the variance) can be ignored. In the 
absence of synergy, E(Rj) — E(Rj), each potential merger partner can be 




Chapter 26: Business Combinations 459 

evaluated without reference to the firm’s existing risk-return characteristics. 
CAPM simply assumes that the acquiring firm will always seek merger partners 
having estimated returns at least commensurate with their risk posture. 


The Bargaining Area 

After identifying the merger target, the implementation of an acquisition 
strategy requires identification of a bargaining area: maximum and minimum 
exchange ratios acceptable to the shareholders of the acquiring and acquired 
firms. For this purpose, the model developed by Larson and Gonedes offers a 
useful framework. 15 This model assumes the following: 


/. The objective of the combination is to enhance the market value of the 
common shares. 

2. The shareholders will not approve of the combination unless it promises 
to maintain or increase their wealth position measured by the market value of 
their holdings. 

3. The price-earnings (P/E) ratio of the shares captures the risk-return 
characteristics of the merging firms. In other words, market price trades off risk 
and return. 

4. The shares are publicly traded. 

5. No synergism will eventuate in the first year of merger. 

6. Bargaining is a condition of bilateral monopoly: one buyer of the shares 
and one seller. 


The Larson-Gonedes Model requires the calculation of several components: 

1 . Precombination wealth position of the firms . This represents the market value 
of a common share 6 months to 1 year before the announcement of any merger. 
The objective is to establish the value of the equity shares uneffected by news of 
an impending combination: 

(a) Wealth of acquiring company (W A ): 

^ a = (P/E a )(EPS a ) (3) 

(b) Wealth of acquired company (W B ): 

W B == (P/E b )(EPS b ) 

2. Postcombination wealth position. This refers to the value of a common share 
(W AB ) after the combination or merger: 


^AB = (©)(*k+y B )x 


i 

S a + (ER)S b 


(4) 


where 0 = the expected P/E ratio after the combination 

Y— total earnings of each entity for latest period prior to combination or 
first period earnings of the entity after the combination 


Kermit D. Larson and Nicholas J. Gonedes, “ Business Combinations: An Exchange Ratio 
Determination Model,” The Accounting Review (October 1969), pp. 720-728. 
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S A = number of precombination shares of acquiring company 
S B — number of precombination shares of acquired company 
ER = exchange ratio to affect the combination. 

Note that for any given value of ©, there is a corresponding exchange ratio. 


3 . Wealth position of acquiring shareholders , postcombination. The shareholders of 
the acquiring firm (A) will approve the combination if they expect : 

W'ab^a (5) 

That is, the market value of their common shares will be equal to or greater than 
the precombination value. In other words, they anticipate the benefits of 
synergism. 

4. Wealth position of the acquired shareholders, postcombination. The shareholders 
of the acquired firm ( B ) will approve the combination if they expect: 

l 1 


^AB — 


where 


The same rationale for approval of the combination applies to the acquired 
shareholders. 

5. Bargaining area. 

(a) Maximum exchange ratio. The maximum exchange ratio acceptable to the 
shareholders of the acquiring company (ER A ) is that which leaves their wealth 
position unchanged (W AB = W A ). A higher exchange ratio transfers wealth to the 
shareholders of the acquired company. It follows that the acquiring company 
will bargain for a lower exchange ratio. 

fp (e)(r A + r B )-(P/E A )(4) 

A “ (P/E A )(r A )(i/s A )(s B ) 1 j 


ER a will increase at a constant rate as © increases (see Figure 26-1). 

(b) Minimum exchange ratio. This designates the minimum number of shares 
of company A acceptable to the acquired shareholders (ER B ) that will leave 
their wealth position unchanged (W AB = (1/ER)IT B ). A lower exchange ratio 
would transfer wealth to the shareholders of the acquiring company. Hence, the 
acquired company will bargain for a higher exchange ratio. 

fp (P/E B )(r B /^ B )(5 A ) 

B (©)(r A +r B )-(p/E B )(r B ) w 

The minimum exchange ratio varies inversely with theta (see Figure 26-1). 


In Figure 26-1, the bargaining area is bounded by ER A -E-ER B . Here, the 
market value of the combination (J^ B ) exceeds the precombination values of 
the separate entities ( V A and V B ), thereby creating synergism. To the left of the 
equilibrium, E, no merger would take place because both sets of shareholders 
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FIGURE 26-1 Business Combinations Bargaining Area 



would be less well off. At E , their wealth positions remain unchanged; the 
exchange ratio equals the ratio of the market prices of the common shares for A 
and B; and © equals an average of the P/E ratios of A and B weighted by their 
total earnings, Y A and F B . 


□ EXAMPLE 1 Larson-Conedes Model 

Assume Air-Frames, Inc. is negotiating a merger with Windom Engines, Inc. The 
comparative data on the two corporations is as follows: 


Earnings per share 

Dividends 

Growth rate 

Book value per share 

Market value per share 

Shares outstanding 

P/E 

Total earnings (7) 
Total value of equity 


Air-Frames, Inc. ( A) 
$2.87 

$1.80 annually 
6 % 

$26.50 

$ 43 

3 million 
15 

$8,610,000 

$129,000,000 


Projected P/E of combination (©) 


Windom Engines, Inc. (B) 

$1.65 

$ 1.00 

7% 

$33 

$52 

1 million 
31.5 

$1,650,000 
$52,000,000 
= 25 


(a) Should the shareholders of both corporations approve the merger? 

(b) What are the minimum and maximum exchange ratios for acquiring and 
acquired corporations? 
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(c) What is the total synergism projected? If the actual exchange ratio agreed upon 
is 1.2 A for 1 B, how is the synergism divided? 


Solution: 

(a) First, find the precombination wealth position [Equation (3)]: 

Air Frames, Inc. W A = (15)(2.87) - $43.05 
Windom Engines, Inc. W B = (31.5) (1.65) = $51.98 

Then, find the postcombination wealth position [Equation (4)]: 


W AB - (25)($8,610,000 + $1,650,000) X 


3,000,000+ (1.2)1,000,000 


= $256,500,000 
= $61.07 

The wealth position of Air-Frame shareholders [Equation (5)] is: 

$61.07 >$43 

Air-Frame shareholders should vote for merger. 

The wealth position of Windom Engines shareholders [Equation (6)] is: 

$61 -07 > Y 2 X $ 52 
$61.07 >$43.33 

Windom shareholders should vote for the merger. 

(b) The maximum exchange ratio [Equation (8)] is: 

_ (25)($8,610,000 + $1,650,000) - (15)($8,610,000) 

A (15) (8,610,000) (1 /3,000,000) (l ,000,000) 

$256,500,000 - $129,150,000 
“ $129,150,000 X 1,000,000/3,000,000 

_ $127,350,000 
43,050,000 

= 2.96 shares 

The minimum exchange ratio [Equation (9)] is: 

(31.5)($1,650,000/1,000,000)(3,000,000) 


ER« = 


(25)($8,610,000 + $1,650,000) - (31.5)($1,650,000) 
$155,925,000 

$256,500,000 - $51,975,000 

$155,925,000 

$204,525,000 

0.76 shares 
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(c) To find synergism, assuming an actual exchange rate of 1.2 A = 1 B, use the 
following: 

Postcombination value of common shares [Equation (4)]: 

$61.07 X 4,200,000 = $256,494,000 

Precombination value of common shares: 

Air-Frame, Inc. $43 X 3,000,000 = $129,000,000 

Windom Engines, Inc. $52 X 1,000,000 = 52,000,000 181,000,000 

Total synergism $75,494,000 

less 

Amount to Air-Frame holders: 

$61.07 - $43 X 3,000,000 = 54,210,000 
Amount to Windom holders $21,284,000 


If the actual exchange ratio equals the ratio of market prices for the acquired and 
acquiring companies (ER = MV B /MV A ), then the synergism will be divided pro¬ 
portionately; that is, the parties retain their same relative wealth positions as before the 
merger. If the actual exchange ratio exceeds the ratio of market values, then the 
shareholders of the acquired company do proportionately better; they have gained 
relatively. If the actual exchange ratio is less than the ratio of market values, the 
shareholders of the acquiring company gain relatively. These conclusions follow from the 
bargaining strategies derived from Equations (8) and (9). □ 


Within the bargaining area, the final exchange ratio may depend upon a 
balance of factors representing the strengths and weaknesses of the firms in light 
of the merger objectives. These include the following: 

1. Liquidity. In the McDonnell-Douglas merger, for example, Douglas had 
important contracts but had working-capital problems. McDonnell had the 
liquidity to rectify the deficiency, and this became an important element in 
effecting the combination. It is worth recalling that the primary cause of business 
failures in the 1970s among larger firms has been inadequate working capital. 

Z Strategic assets. One firm may possess facilities, patents, and other special 
assets that enhance its bargaining power. 

3 . Management capabilities. If one firm possesses a particularly strong manage¬ 
ment team, it may figure prominently in assessing the future prospects of the 
combination. 

4. Tax-loss carryovers. In a tax-free exchange, tax losses carry over to the 
acquiring corporation, but the principal purpose of the acquisition cannot look 
to the tax benefits. Assuming a legitimate business objective, tax-loss carryovers 
are attractive where the acquiring firm has income against which deductions 
may be applied. In a taxable exchange, the loss remains with the selling firm and 
may be applied against the gain from the sale of assets. 

5. Reproduction cost. In a period of sustained inflation, it may be more 
economical to acquire assets through combination than by new construction. The 
factor may motivate mergers where the acquisition of fixed assets determines the 
objectives of expansion. 
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6. Investment value. Where the merger involves combination with a newly 
organized firm and/or the promotion of a new process, the amount of cash 
actually paid into the newcomer (investment value) may influence the exchange 
rate. 

7. Market value. Probably the most common determinant of the final ex¬ 
change ratio is the relative market value of the combined firms 3 shares. It is 
also the most logical element. If there exists an active market in the shares 
and if the market is efficient, the market will discount all that is known 
about the future prospects of the firms and reflect it in the market value of 
the shares. 

8. Book values. Where conservative accounting practices have been followed, 
book values offer the advantage of convenience and speed in negotiation. 

The reader may add other factors, such as earnings per share, dividend 
payout ratios, and so on. Suffice it to say, as the negotiations swing toward 
higher or lower exchange ratios, wealth is transferred from one group of 
shareholders to the other. 


SUMMARY 

A comprehensive merger theory has been slow in evolving. This should not 
be surprising because business combinations spring from different motivations 
and cover a time frame concomitant with the evolution of capitalism. Moreover, 
the available studies consider different time periods, employ dissimilar sample 
selection criteria, use disparate techniques in measuring the “effects” of business 
combinations, and apply varying statistical techniques in assessing results. The 
chameleon policies of government, which may channel business combinations in 
less than economically optimal directions, compound these problems. For exam¬ 
ple, Weston points out that the 1950 amendments to Section 7 of the Clayton 
Act enabled regulatory authorities virtually to abort horizontal and vertical 
mergers in which one of the parties has 10% or more of the defined market area. 
This change in the institutional structure contributed to the rising tide of 
conglomerate mergers. 16 

All the same, survey of the modern literature (1960-80) underscores the 
following characteristics of acquired firms: 

They have a cost of capital higher than other firms in their industry. Merger 
lowers the cost of capital, thus facilitating investment in the acquired 
firms operations. 

They are situated in an industry with favorable growth and profit opportun¬ 
ities. The acquiring firm has more funds than capital projects to absorb 
them. Investment opportunities are relatively more favorable in the 
acquired firm’s industry than the acquiring firm’s industry. 

They have organizational and/or managerial capital of value in the upcom¬ 
ing combination. 


16 J. Fred Weston, “Developments in Finance Theory,” Financial Management, (Summer, 1981), pp. 
5-22. 
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They have lower P/E ratios and lower financial leverage than acquiring 
firms. 

Their shareholders experience significant positive wealth effects from the 
market reaction to news of the combination or the tender offer. 


QUESTIONS/PROBLEMS 


1. Briefly discuss the elements of the acquisition decision. 

2 . What are the shortcomings of a present-value analysis in the acquisition decision? 

3. Discuss how CAPM would be used in the acquisition decision and when it would point 
to an attractive merger. 

4. Return to Air-Frames, Inc. Air-Frames has another merger opportunity with General 
Aviation. The latter has the following financial profile; 


Earnings per share 

$4.20 

Annual dividend 

$3.50 

Growth rate 

1% 

Book value per share 

$55 

Market value per share 

$41 

Share Outstanding 

2,000,000 

P/E ratio 

9.76 

Total earnings 

$8,400,000 

Total value 

$82,000,000 

Projected P/E (0) 

13 

Proposed actual exchange ratio 

0.95 A = 1 B 


Determine each of the following. 

(a) Precombination wealth position. 

(b) Postcombination wealth position. 

(c) Maximum and minimum exchange ratios. 

(d) The amount and division of total synergism. 

(e) Air-Frames has decided to evaluate General Aviation using the CAPM approach: 


State of the Economy 

Ps 

R m 

General Aviation (R } ) 

Revival (^q) 

0.20 

0.20 

0.15 

Prosperity (S 2 ) 

0.50 

0.30 

0.20 

Recession (S 3 ) 

0.20 

0.16 

0.09 

Depression (S 4 ) 

0.10 

0.12 

0.05 


The risk-free rate is 10%. Is General Aviation worth consideration as a takeover 
prospect? 





STRATEqiC PlANNiNq: 
Tk RnanoaI Component 


Strategic planning pertains to the establishment of goals and the progress of the 
firm in moving toward the defined targets. In periods of expanding economic 
activity, typical goals include increased market penetration through modification 
of product lines; additions to plant and equipment; added research and develop¬ 
ment spending; updating management training and personnel administration; 
the achievement of an optimal financial structure to minimize the cost of capital; 
and so forth. Many of these topics, the reader will observe, form the subject 
matter of capital budgeting—and not by coincidence. Important components of the 
strategic plan are given concrete expression by the capital budget and the supporting decisions 
made in formulating a capital budget. 

Strategic planning does not relate solely to the balmy days of prosperity. 
Mistakes are made in the planning process that become sorely obvious during 
economic retrenchment. The strategic plan in a recession environment may stress 
retreat from indefensible positions and reductions in cost of operations to restore 
profit margins. The decision to abandon a project or subsidiary relies upon the 
same techniques of capital budgeting as those required by the initial evaluation 
of investment opportunities. In addition, decisions such as lease or own, lease or 
sell, refunding of corporate debt, buying up the firm’s stock on the open market 
also relate to strategic planning but utilize capital budgeting evaluation tech¬ 
niques in execution. 

Viable strategic planning demands a balanced relationship among the 
defined goals. If imbalances appear in the implementation, then some goals are 
necessarily compromised. This chapter centers on the problem of balancing 
growth (or shrinkage) in assets with other established financial policies enunci¬ 
ated in the strategic plan. 
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SUSTAINABLE GROWTH (STABLE PRICES) 

In a strategic-planning context, the question of an appropriate growth rate 
over a defined long-term period takes the form: What rate of growth is 
sustainable with regard to established financial policies? Specifically, given the 
firm’s target dividend-payout ratio and capital structure (long-term debt to 
equity), what percentage increase in sales can be maintained without necessitat¬ 
ing a change in financial policy? 1 If sales grow at a higher rate, the firm can 
exercise a combination of options: increase debt, reduce dividend payout, 
improve operating performance to increase profit margins, or issue equity 
securities. Except for improved operating efficiency, each option alters estab- 
lished financial policies. 2 

For purposes of initial discussion, let us assume the following: 


/. The book depreciation is adequate to recapture the value of existing 
assets. & 

2. The profit margin (P) on new sales (AS) corresponds to that of existing 
S2ilcS (*$*). 

3. The firm has an established financial structure goal ( L ) without the sale 
of new common stock. 

4 ' The has an established dividend payout rate (D); thus, the target 

retention ratio is 1 - D. 

5. New fixed assets at book values ( F ) represent a stated proportion of the 
change in physical volume of output (real sales). 

6» New current assets (C) are a stated proportion of sales in nominal dollars. 

7. The initial level of sales at the beginning of the period is represented by S 
and the change in sales during the period by AS. 

8. The ratio of total assets to net sales is denoted by T ; the ratio is constant 
for new and existing sales. 

9 • Tfi e fi rm w ifi rely on retained earnings for equity financing—no new 
common stock is to be issued. 


Assuming a stable price level for the moment as well as all of the symbols 
defined above, the sustainable growth rate (g*) becomes: 


AS P(1 -/>)(!+/,) 

■S' T-P(\-D)(\+L) W 


’ betwe ™ capi,al stmctun (long ' term debt t0 equity) md fi mncial 

2 J he d ~? i S . baSed , T n the followin S articles: R °b<=rt C. Higgins, “How Much Growth Can a 
Firm Afford? Financial Management (Fall 1977) and “Sustainable Growth Under Inflation” Financial 
Management (Autumn 1981); and Dana J. Johnson, “The Behavior of Financial Structure and 
Sustainable Growth m an Inflationary Environment,” Financial Management (Autumn 1981). 
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□ EXAMPLE 1 Micro-Industries, Inc. 


Micro-Industries, Inc. 
Balance Sheet 
December 31,198X 


Assets 

$ 

% 

Liabilities and Equities 

$ 

% 

Cash 

$10,000 

(0.12) 

Accounts payable 

$ 5,000 

(0.06) 

Inventory 

15,000 

(0.18) 

Bonds payable 

30,000 

(0.35) 

Equipment 

80,000 

(0.94) 

Capital stock (7,500 shares) 

30,000 

(0.35) 

less: accumulated 
depreciation 

20,000 

(-0.24) 

Retained earnings 

20,000 

(0.24) 

$85,000 

(1.00) 

Micro-Industries, Inc. 

Income Statement 

December 31,198X 

$85,000 

(1.00) 


Sales 

less: cost of sales 
Gross Profit 

less: selling and administrative expenses 
Net-operating income (EBIT) 
less: interest (10%) on debt 
Earnings before taxes (EBT) 


$30,000 (10,000 units at $3.00) 

8,000 
$22,000 
11,000 
$ 11,000 
3,500 
$ 7,500 


Profit Margin ( P ) 
Earnings per share (EPS) 
Dividend payout ratio ( D ) 
Retention Ratio 
Total assets/sales ratio ( T ) 
Financial structure objective ( L ) 
Price Trend (J) 
Current assets/current sales (C) 
Fixed assets/sales (F) 


0.25 

$7,500/7,500 = $1.00 before taxes 
33%, or $1.00 X 0.33 = 33$ per share 
1 - D = 1 - 0.33 = 0.67, or 67% 
$85,000/$30,000 = 2.833 
D/E = $35,000/$50,000 = 0.70 
+ 10% (revival); - 0.10% (recession) 
$25,000/$30,000 = 0.833 
= $80.000/S30.000 = 2.67 


What is the sustainable rate of growth for Micro-Industries? 
Solution: 

0,25(1 — 0.33)(l +0.70) 
g * ~ 2.83 - 0.25(1 - 0.33)(l + 0.70) 
0.28475 

“ 2.83 -0.28475 
= 0.111875, or «11.2% 


Since assets must equal liabilities plus equity, growth-induced assets must be 
financed by new debt and/or an increase in retained earnings. Unless the actual 
growth rate ( g ) equals the sustainable growth rate ( g *), the profit margin, 
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dividend payout ratio, debt/equity ratio, or total assets/sales ratio must change 
or the firm will be compelled to issue new equities. 

Thus, the optimal growth is not simply the product of accepting all 
investments with a positive NPV or an IRR greater than or equal to K. 
Management may have to reflect explicitly upon the implications of higher 
growth rates and the revision of financial policies through lower dividend 
payout, increased leveraging, or sale of equities. These decisions have both 
financial and managerial control implications. 


SUSTAINABLE GROWTH (RISING PRICE TREND) 

Allowing for the effect of a rising price trend revises Equation (i) as follows: 
(1 +j)P(l-D)(l+L)~JC 

* (1+J)C+F-(1+J)P(1-D)(1+L) (3) 

Equation (3) is illustrated in the following example. 

□ EXAMPLE 2 Micro-Industries Extended 

Take the same data on Micro-Industries, but now take a 10% rate of price increase 
into account. What is the real sustainable growth rate ( g %)? 

Solution: 

* _ 0 + 0-10)0-25(1 - 0.33)(l + 0,70) - (0.10)(0.833) 

R 0 + 0.10)0.833 + 2.67 - (l + 0.10)0.25(1 - 0.33)(l + 0.70) ^ 

_ 0.313225 -0.0833 
3.5863-0.313225 
_ 0.229925 
3.273075 

= 0.0702473 or *7% D 

Overall, given. the assumptions of the model, an upward trend in prices acts to 
reduce real sustainable growth unless offset by operating efficiencies. In the 
extreme case, inflation-induced increases in retained earnings and borrowing are 
more than offset by required increases in working capital investment. Higgins 3 
estimates, for example, that real spstainable growth declines by 2.2% for every 
5% increase in the rate of inflation. He further notes: 


To the extent that depreciation is insufficient to maintain the value of 
assets... sustainable growth is reduced.... If newly acquired assets are more 
profitable than existing assets in the sense of producing sales with a higher profit 
margin, offering a more rapid depreciation rate or generating more sales per 
dollar of assets... sustainable growth will rise. 

Similarly sustainable growth (£*) can rise if the firm intensifies asset utilization 

3 Higgins, op. cit . 
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by reducing the assets required to support a given level of sales. Otherwise, the 
firm can restore its sustainable rate of growth (g*) in an inflationary environ¬ 
ment subject to the stipulated assumptions only by altering accepted financial 
policies (reducing dividend payout, increasing leverage, sale of new equity 
shares). All things considered, therefore, inflation has inimical effects on the 
sustainable rate of growth (g*). A sustainable growth rate different from £* is 
inconsistent with established financial targets. 

Johnson qualified the original Higgins model and the presumption of a 
constant financial structure. The former hinged the discussion on the rate of 
sustainable growth using a constant capital structure [long-term debt to equity 
ratio (L l )]. Based upon Higgins assumptions, Johnson shows that total uses of 
funds are composed of the change in total nominal current assets, [(£ + A^Xl + 
J)-S]C , plus new nominal fixed assets, (A S)F. Sources of funds equal the 
increase in nominal debt plus retained earnings, (S + AS)(1 +J)P(1 - £>)(1 + 
£). The real sustainable rate of growth {g^} as restated by Johnson using the 
Higgins assumptions becomes: 


(1 +J)Y-JC 
F-(l +g)Y + C(1 +7) 


(5) 


where 

Y = P(1 -D)(l +L) 


□ EXAMPLE 3 

Using the data on Micro-Industries, determine the sustainable rate of growth by 
applying Equation (5). 


Solution: 

Then, 


Y= 0.25(1 -0.33)(1 + 0.70) 

= 0.28475 

(1 + 0.10).28475 -(0.10)(0.833) 

8r ~ 2.67 - (1 + 0.10)0.28475 + 0.833(1 + 0.10) 

_ 0.229925 _ 

” 2.67 - 0.313225 + 0.9163 
_ 0.229925 
“ 3.273075 

= 0.0702473, or *7% 


( 6 ) 


This agrees with Higgins results from Equation (4) based upon a constant financial 
structure. However, Johnson by focusing on capital structure (long-term debt to equity) 
allows working capital to float with nominal sales. D 


The revised real sustainable rate of growth thus takes the form: 

_&s _ t(i +,/) — wj 

gR ~ S F-(l +7)T+ W{\ +7) 

where F=P(1 — Z))(l + L l ) 

jr=the ratio of nominal net working capital to nominal sales 


( 7 ) 


4 Johnson, op. cit. 
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□ EXAMPLE 4 

Assume the same data used in the preceding problems except that long-term debt to 
equity ratio ( L l ) equals .60; and the ratio of net working capital to nominal sales (W) 
equals 0.67. What is the real sustainable growth based upon a constant capital structure? 

Solution: 

K-0.25(1 -0.33)(1 +0.60) 

Then, =°- 268 

0.268(1 +0,10)- (0.67)(0.10) 

R 2.67 - (1 + 0.10)0.268 + 0.67(1 + 0.10) ^ 

= 0.2948 - 0,067 

2.67-0.2948 + 0.737 
0.2278 
3.1122 

= 0.0731958, or 7.3% n 

• a Com P ans ° n °[ Equations (5) and (7) indicates that the incremental price- 
induced financing for current assets is partially offset by the price-adjusted rise in 
current liabilities. Thus, with a constant capital structure the real sustainable 
rate of growth is higher than that attainable were the firm to adhere to an 
established financial structure. In both cases (a target financial structure or a 
target capital structure), the sustainable rate is lower than that attainable under 
conditions of price stability. The reason for the latter phenomenon lies in the 
assumption that management uses historical-cost financial statements in describ- 
ing the optimal financial or capital structures and in setting up target ratios It 
follows that in the face of persistent inflation, management can maintain a stable 
capital structure over time only by using a constant dollar debt/equity ratio or 
one based upon market values. 

Bear in mind 0 ur conclusions apply to any generalized upward trend in 
prices. Inflation (see Chapter 9) is a special, albeit extreme, case of an upward 
movement in prices. K 


SUSTAINABLE GROWTH (DOWNWARD TREND IN PRICES) 

This section addresses the questions raised as the price level turns downward 
from the equilibrium, depicted in Equations (3) and (4). A priori, one would 
expect a slowdown in the rate of real sustainable growth. Applying Equation (3) 

lor a fixed financial structure , we have: 

=_ (1 -0.10)0.25(1 -0 .33)(1 +0.70)- (-0.10)(0.833f 

(1 - 0.10)0.833 + 2.67 - (1 - 0.10)0.25(1 - 0.33)(l + 0.70) (10) 

_ 0.256275-(-0,0833) 

3.4197-0.256275 
_ 0.339575 
3.163425 

= 0.1073441, or *10.7% 
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For a constant capital structure, applying Equation (7), we have: 

0. 268(1 — 0.10) — (0.67)(0.10) / n ) 

§R " 2.67 -(l - 0.10)0.268 + 0.67(1 - 0.10) 

0.2412-0.067 
“ 2.67 - 0.2412 + 0.603 
0.1742 
“ 3.0318 

= 0.0574576, or -5.7% 

Based upon the Johnson formulation [Equation (7)], the real sustainable 
growth rate drops to zero with a 28% decline in the price level and shows a 
negative rate at 30%. Improved productivity can wholly or partially offset 
declining growth rates by enhancing profit margins. Otherwise, the situation 
dictates a defensive strategy of building liquidity, reducing leverage or increasing 
dividend payouts in the presence of capital in excess of investment opportunities. 

ESTABLISHING FINANCIAL POLICY IN RELATION 
TO A TARGET GROWTH RATE 

Obviously, the preceding equations can be employed to solve for any 
unknown value, as illustrated in the following example. 

□ EXAMPLES 

Suppose that Micro-Industries, assuming a stable price level, establishes a target 
growth rate of 11.2% for the period covered by its strategic plan. What D/h is 
compatible with the stated objective? 

Solution: Using the original Higgins model expressed in Equation (1), we have: 

/>(!-/>)(!+£ }_ (12) 
g T-P(\ ~D)(l +L) 

0.25(1 -0.33)(1 +L) 

11,2 ” 2.83 - 0.25(1 -0.33)(1 + L) 

0.1675(1 +L) 

11,2 ” 2.83 - 0.1675(1 +1) 

Let (1 +L) = X. Then, 

0.1675(jp 

11,2 ~ 2.83 - .1675(^) 

0.112(2.83- Y)= Y 

0.112 X 2.83 = F+0.112F 
0.112X2.83 = 1.112F 

0,112X2.83 
Y ~ 1.112 
= 0.285 


Let F=0.1675(X): 
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Then, 

V- Y 
0.1675 
_ 0.285 
0.1675 
A'-1.7 

Since X = (1 + L), L = X - 1 = 1.7 - 1 =0.70. The D/E ratio consistent with the targeted 
growth rate is 0.70. Q 

In like manner, Micro-Industries might test the compatibility of other 
variables, such as the dividend payout policy, total assets to sales, profit margin 
on sales and so forth. The testing procedure can also incorporate projected price 
trends by using Equation (3). If we assume that the targeted growth rate is 
primarily dependent on capital budget items, then the manipulation of Equation 
(1) relates the significance of the capital budget for other key planning variables. 

The Johnson models can, of course, be similarly utilized, as now demon¬ 
strated. 


□ EXAMPLE 6 

Posing the same question for Micro-Industries as raised in Example 5, determine p d 
using Equation (7). SR 

Solution: 

, K(l+,/)-y/ 

" F-('+J)Y+W{\+J) 

where T = P(\ - Z>)(1 + L l ) 

If we insert the disaggretated value of Y into the primary equation, g R becomes: 

. [f(i-fl)(i+rJ1(i+y)-nr/ 

" f-^+J)[p^-d){\+l l )] + w(i+j) < 13 > 


0.073 = 


0.073 = 


[0.25(1 — 0.33)(l +£;)](! + 0.10) — (0.67)(0.i0) 

2.67 -(1 + 0.10)[0.25(1 - 0.33)(1 + L l )} + 0.67(1+0.10) 
[0.1675(1 +Z.JK1.1)-0.067 

2.67 - (1.1 )[0.1675(1 + L A )] + 0.737 


LetX=(l +L l ). Then, 


If Z=0.1675(T), 


[0.1675(X)1(1.1)-0.Q67 

2.67 -(1.1)[0.1675(X)] +0.737 


0.073 —^l :U-0-P67 

2.67-Z(l.l)+ 0.737 

0.073(2.67 - 1.1Z+ 0.737) = 1.1Z- 0.067 
0.19491 - 0.0803Z + 0.053801 = 1.1Z- 0.067 
0.19491 + 0.053801 + 0.067 = 1.1Z+ 0.0803Z 
0.315711 = 1.1803Z 
0.2674836 = Z 
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Accordingly, 

Z = 0.1675(T)0.2674836 = 0.1675(Z) 

X = 1.596917 ~ 1.6 

T=(l +Lj = 1.6 = (l +L l )L l = 0.60. 

A long-term debt/equity ratio of 0.60 is compatible with a growth rate of 7.3%. □ 


VALUATION 

Of course, in developing the financial component of the strategic plan, 
management attempts to make decisions that maximize the market value of the 
firm. The market price on long-term debt and common stock reflects the quality 
of decisions made on the capital budget, the debt/equity ratio, the target growth 
rate, and the other variables displayed in the preceding formulas. To illustrate, 
let us again use Higgins model and the Micro-Industries data. 

□ EXAMPLE 7 

Micro-Industries has a financial structure composed of 37.5% long-term debt and 
62.5% equity at book values. This structure is sustainable at a target growth rate of 
11.2%. If Micro bonds sell at 80 and the P/E ratio is 8, what is the market value of the 
firm? Micro has a combined marginal tax rate (federal and state) of 50% and 3,750 
common shares outstanding. 

Solution I: This approach assumes that business risk and financial risk influence 
value (see Chapter 8). The method allows for the inclusion of income tax effects (see 
Table 8-1). Increased leveraging, therefore, will (up to a point) lower the average cost of 
capital and raise the value of the firm. 


Net operating income (EBIT) 

$11,000 


Interest (10%) 

3,500 


Earnings before taxes (EBT) 

$ 7,500 


Taxes (0.50) 

3,750 


Earnings after taxes (EAT) 

$ 3,750 


Market value of common stock: 



EPS (after-tax) X P/E ratio 

Xno. of shares = $1.00 X 8 X 3,750 = 

$30,000 


Market value of debt: 



30 bonds X $800 

24,000 


Market value of firm 

$54,000 


Cost of capital at market weights : 



After-Tax Cost 

Weight 

Total 

Debt= fS (1 ~ a50) ao729 

0.375 

0.0273 

Equity = 3 oZ) (1+0 - 50) °- 125 

0.625 

0.0781 

Weighted average cost of capital ( K ) 


0.1054 
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Solution II: This alternative method of valuation assumes that the cost of capital 
( K ) is influenced only by business risk with the financial risk discounted against the 
market worth of the common stock. 


EBIT (1 - 0.50) = $11,000 X 0.50 

$ 5,500 

Cost of capital (K) = 0.1054 


Market value of the firm: 


$5,500 


0.1054 ” 

$52,182 

Market value of debt 

24,000 

Market value of common 

$28,182 

Cost of equity ( K e ) 



S3,750 
$28,182 


= 0.133 


In both solutions, the short-term debt ($5,000) was omitted. This was done on the 
assumption that the short-term debt carried no interest charge and offered no discount for 
prompt payment. Inclusion of the short-term debt would increase both solutions bv 
$5,000. □ 


SUMMARY 

This chapter attempts to underscore the interrelatedness of the financial 
elements that enter the articulation of the firm’s strategic planning. The capital 
budget in greater or lesser degree affects the target growth rate. The latter, in 
turn, relates to specific levels of debt and equity financing, earnings retention, 
profit margins, productivity, and price trends. The sum of these factors in¬ 
fluences the market value of the firm. The essence of strategic planning in the 
financial area is to balance these elements to achieve an optimal growth rate and 
related financial structure which will maximize the market value of the firm. 

Financial theory dictates that the firm strive toward an optimal financial 
structure: that combination of debt and equity which minimizes the weighted 
average marginal cost of capital. This figure reflects the average risk posture of 
the firm and the reinvestment rate on retained cash flows. It is a rate which in 
conjunction with a given level of operating income maximizes the market value 
of the firm. 

The optimal marginal cost of capital is not, as we have seen, a static 
calculation. It corresponds to the dynamic business and financial risks of the 
enterprise and to broad trends moving through the economic environment. In 
particular, with relation to the formulation of a strategic plan, a target growth 
rate implies a compatible set of established financial policies. Growth rates above 
and below the target rate eventually impel alterations in the financial" or capital 
structure. Only by keeping the two in balance can a sustainable growth be 
realized. 

In this respect, we should not equate growth with rising prices and retarda¬ 
tion with falling prices. The firm’s profit margin reflects trends in prices, 
production costs, and quantities. Cost-price movements are rarely synchronized. 
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Fixed costs by definition lag behind price level adjustments. A firm selling in a 
competitive market but buying in a monopolistic-competitive market might find 
its profit margin under pressure, although the prices show an upward trend. 
Conversely, declining prices may not adversely impact profit margins if manage¬ 
ment can improve the firm’s output per worker-hour. 

The reader will recognize that the chapter does not refer to portfolio effects 
or the capital asset pricing model in a strategic planning context. Problems of 
required return and systematic risk and the effect of a capital project on debt 
capacity manifestly have an important role in the specifics of strategic planning. 
These topics are covered extensively in Chapters 16-18 and the reader should 
easily relate them to the present theme. 



Aloe Industries 
December 31,198X 
Income Statement 


Sales 

SI 22,000 

less 

Cost of sales 

65,000 

Gross profit 

S 57,000 

less 

Selling and administrative expenses 

22,000 

Net operating income 

S 35,000 

less 

Interest on long-term debt 

S 1,500 

Earnings before taxes 

S 33,500 


(a) Assume a stable price level. 

(i) Determine the sustainable rate of growth under each. 

(a) Fixed financial structure. 

(b) Fixed capital structure. 

(ii) How might Aloe improve upon the sustainable rate of growth? 
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(b) Assume a rising price level of 20%. 

(i) Determine the real sustainable rate of growth under each. 

(a) Fixed financial structure. 

(b) Fixed capital structure. 

(ii) How might Aloe improve upon the real sustainable rate of growth? 

(c) Assume a decline in prices of 25%. 

(i) Determine the real sustainable rate of growth under each. 

(a) Fixed financial structure. 

(b) Fixed capital structure. 

(ii) How might Aloe improve upon the real sustainable rate of growth? 

2. What are the deficiencies of computing financial ratios and establishing financial 
policies based upon book values? How might this be overcome in regard to the 
establishment of financial policies? 

3. If Aloe Industries sets a target growth rate of 25%, how will this objective affect the 
financial structure and the capital structure? 

4. If, all other things equal, Aloe Industries reduces its cost of sales from $65,000 to 
$45,000, how will the change affect the sustainable growth rate? 

5. Based upon the discussion in this chapter, which factors should Aloe Industries bear in 
mind when adding new capital projects to the existing mix in formulating the firm’s 
strategic plan? 
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48 

49 

49 

1 628348 

62 . 8348^4 

0 01591474 

0.614119 

38.588079 

0.02591474 

2.60 

0.269822 

055 

49 

50 

50 

1 644632 

64 463182 

0.01551273 

0.608039 

39.196118 

0.02551273 

2.56 

0275637 

0.55 

50 


'Source: Thorndike Encyclopedia of Banking and Financial Tables, Warren, Gorham and Lamont, Inc.. 
New York, pp. 6-352 through 6-373. Used with permission. 
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COMPOUND INTEREST AND ANNUITY TABLE 2.00 % 

ANNUAL 




Amount 

Amount 

Sinking 

Present 

Present 

Periodic 

Constant 


Annual 




Of 1 

Of 1 

Fund 

Worth 

Worth Of 1 

Payment To 

Annua! 

Total 

Add-on 





Per Period 

Payment 

Of 1 

Per Period 

Amortize 1 

Percent 

Interest 

Rate 




What a single 

What a series 

The amount 

What $1 

What $1 

The mortgage 

The annual 








to be 

to be paid 

to be paid 

payment 

payment, 







grow to 

deposited 

in the future 

at the end of 

to amortize 







in the future. 

in the future. 

at the end 

is worth 

each period is 

a loan of $t 

interest and 







A deposit 

of each 

today 

worth today 

An annuity 








is made at the 

period that 

Value today 

Value today 

certain, payable 

to amortize 







end 

grows to 

of a single 

of a series of 

at the end of 

completely 









payment 

payments 

each period, 

a loan 







period 

future 

tomorrow 

tomorrow 

worth $1 today 

of $100 

oayments 

payments 




S=(1 + i>" 


1 _ i 


A 1 — V n 

As =— j — 

1 _ 1 





YR 




Ss 

( 1 + t)n 

As 1-V" 




YR 

1 

1 

1 020000 

1.000000 

1 00000000 

0.980392 

0.980392 

1 02000000 

102 00 

0.020000 

2.00 

1 

2 

2 

1 040400 

2.020000 

0.49504950 

0.961169 

1 941561 

0.51504950 

51.51 

0-030099 

1.50 

2 

3 

3 

1 061208 

3.060400 

0.32675467 

0.942322 

2.883883 

0.34675467 

34.68 

0040264 

1.34 

3 

4 

4 

1 082432 

4121608 

0.24262375 

0.923845 

3.807729 

0.26262375 

26.27 

0.050495 

1.26 

4 

5 

5 

1.104081 

5 204040 

0 19215839 

0.905731 

4.713460 

021215839 

21.22 

0.060792 

1.22 

5 

6 

6 

1 126162 

6308121 

015852581 

0.887971 

5.601431 

0.17852581 

17.86 

0.071155 

1.19 

6 

7 

7 

1 148686 

7 434283 

013451196 

0.870560 

6.471991 

0.15451196 

15.46 

0.081584 

1.17 

7 

8 

8 

1.171659 

8 582969 

0.11650980 

0.853490 

7 325481 

0.13650980 

13.66 

0.092078 

1.15 

8 

9 

9 

1 195093 

9.754628 

010251544 

0.836755 

8.162237 

0.12251544 

12.26 

0.102639 

1.14 

9 

10 

10 

1 218994 

10.949721 

0.09132653 

0.820348 

8 982585 

0.11132653 

11.14 

0-113265 

1.13 

10 

11 

11 

1 243374 

12.168715 

0 08217794 

0 804263 

9 786848 

0.10217794 

10.22 

0.123957 

1.13 

11 

12 

12 

1.268242 

13 412090 

0 07455960 

0788493 

10 575341 

0.09455960 

9.46 

0.134715 

1.12 

12 

13 

13 

1.293607 

14.680332 

0.06811835 

0773033 

11.348374 

0.08811835 

8.82 

0.145539 

1.12 

13 

14 

14 

1 319479 

15 973938 

0 06260197 

0.757875 

12106249 

0.08260197 

8.27 

0.156428 

1.12 

14 

15 

15 

1 345868 

17.293417 

0.05782547 

0.743015 

12.849264 

0.07782547 

7 79 

0.167382 

1.12 

15 

16 

16 

1.372786 

18 639285 

0.05365013 

0.728446 

13 577709 

0.07365013 

7.37 

0.178402 

1.12 

16 

17 

17 

1.400241 

20.012071 

0 04996984 

0.714163 

14.291872 

0.06996984 

7.00 

0.189487 

1.11 

17 

18 

18 

1 428246 

21 412312 

0.04670210 

0.700159 

14 992031 

0.06670210 

6.68 

0.200638 

1.11 

18 

19 

19 

1.456811 

22 840559 

0.04378177 

0.686431 

15.678462 

0 06378177 

6.38 

0.211854 

1.12 

19 

20 

20 

1 485947 

24.297370 

0.04115672 

0 672971 

16 351433 

0.06115672 

6 12 

0 223134 

1.12 

20 

21 

21 

1.515666 

25 783317 

0 03878477 

0.659776 

17.011209 

0.05878477 

5 88 

0 234480 

1.12 

21 

22 

22 

1.545980 

27.298984 

0.03663140 

0 646839 

17 658048 

0.05663140 

5.67 

0 245891 

1 12 

22 

23 

23 

1.576899 

28 844963 

0 03466810 

0.634156 

18.292204 

0.05466810 

5 47 

0.257366 

1.12 

23 

24 

24 

1 608437 

30.421862 

0 03287110 

0 621721 

18 913926 

0.05287110 

5 29 

0.268906 

1 12 

24 

25 

25 

1.640606 

32 030300 

0 03122044 

0.609531 

19.523456 

0 05122044 

5 13 

0.280511 

1.12 

25 

26 

26 

1.673418 

33.670906 

0.02969923 

0.597579 

20 121036 

0 04969923 

4.97 

0.292180 

1 12 

26 

27 

27 

1.706886 

35.344324 

0 02829309 

0 585862 

20.706898 

0.04829309 

4 83 

0.303913 

1 13 

27 

28 

28 

1.741024 

37.051210 

0.02698967 

0.574375 

21 281272 

0 04698967 

4.70 

0.315711 

1.13 

28 

29 

29 

1.775845 

38 792235 

0.02577836 

0.563112 

21 844385 

0 04577836 

4.58 

0 327572 

1.13 

29 

30 

30 

1.811362 

40.568079 

0 02464992 

0 552071 

22 396456 

0.04464992 

4.47 

0.339498 

1 13 

30 

31 

31 

1.847589 

42.379441 

0 02359635 

0 541246 

22.937702 

0 04359635 

4 36 

0 351487 

1.13 

31 

32 

32 

1.884541 

44 227030 

0.02261061 

0.530633 

23 468335 

0 04261061 

4.27 

0.363539 

1.14 

32 

33 

33 

1.922231 

46111570 

0.02168653 

0.520229 

23.988564 

0 04168653 

4 17 

0 375656 

1 14 

33 

34 

34 

1 960676 

48.033802 

0.02081867 

0 510028 

24 498592 

0.04081867 

4.09 

0 387835 

1 14 

34 

35 

35 

1 999890 

49 994478 

0.02000221 

0.500028 

24.998619 

0.04000221 

401 

0.400077 

1.14 

35 

36 

36 

2 039887 

51.994367 

0.01923285 

0 490223 

25 488842 

0 03923285 

3.93 

0.412383 

1.15 

36 

37 

37 

2.080685 

54 034255 

0.01850678 

0.480611 

25 969453 

0.03850678 

3 86 

0.424751 

1.15 

37 

38 

38 

2 122299 

56.114940 

001782057 

0 471187 

26.440641 

0.03782057 

3 79 

0.437182 

1.15 

38 

39 

39 

2164745 

58 237238 

0.01717114 

0.461948 

26.902589 

003717114 

3.72 

0.449675 

1.15 

39 

40 

40 

2.208040 

60 401983 

0.01655575 

0 452890 

27.355479 

0.03655575 

3 66 

0.462230 

1 16 

40 

41 

41 

2 2 52200 

62 610023 

0.01597188 

0.444010 

27.799489 

0 03597188 

3 60 

0.474847 

1.16 

41 

42 

42 

2 297244 

64.862223 

0.01541729 

0 435304 

28.234794 

0.03541729 

3 55 

0.487526 

1 16 

42 

43 

43 

2 343189 

67.159468 

0.01488993 

0 426769 

28.661562 

0.03488993 

3.49 

0.500267 

1.16 

43 

44 

44 

2.390053 

69.502657 

0 01438794 

0 418401 

29.079963 

0.03438794 

3.44 

0 513069 

1 17 

44 

45 

45 

2 437854 

71.892710 

0.01390962 

0410197 

29.490160 

0 03390962 

3.40 

0.525933 

1 17 

45 

46 

46 

2 48661 1 

74.330564 

0.01345342 

0.402154 

29.892314 

0.03345342 

3.35 

0.538857 

1.17 

46 

47 

47 

2.536344 

76.817176 

0 01301792 

0.394268 

30.286582 

0.03301792 

3.31 

0 551842 

1 17 

47 

48 

48 

2 587070 

79.353519 

0.01260184 

0.386538 

30.673120 

0 03260184 

3 27 

0.564888 

1.18 

48 

49 

49 

2.638812 

81 940590 

0.01220396 

0.378958 

31.052078 

0.03220396 

3 23 

0 577994 

1 18 

49 

50 

50 

2 691588 

84.579401 

0.01182321 

0 371528 

31.423606 

0.03182321 

3 19 

0.591160 

1.18 

50 
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COMPOUND INTEREST 

AND ANNUITY 

TABLE 




300 

% 











ANNUAL 



Amount 

Amount 

Sinking 

Present 

Present 

Periodic 

Constant 


Annual 




Of 1 

Of 1 

Fund 

Worth 

Worth Of 1 

Payment To 

Annual 

Total 

Add-on 





Per Period 

Payment 

Of 1 

Per Period 

Amortize 1 

Percent 

Interest 

Rate 




What a single 

What a series 

The amount 

What $1 

What $1 

The mortgage 

The annual 

The total 

The average 




$1 deposit 

of $1 deposits 

to be 

to be paid 

to be paid 

payment 

payment, 

mteresl paid 

annual 




grows to 

grow to 

deposited 

in the future 

at the end of 

to amortize 

including 

over the term 

interest rate 




in the future. 

in the future. 

at the end 

is worth 

each period is 

a loan of $1. 

interest and 

on a loan 

oh a loan that 




The deposit 

A deposit 

of each 

today 

worth today 

An annuity 

principal, 

of $1 . The loan 

is completely 




is made at the 

is made at the 

period that 

Value today 

Value today 

certain, payable 

to amortize 

is amortized 

amortized by 




beginning 

end 

grows to 

of a single 

of a series of 

at the end of 

completely 

by regular 

regular 




of the first 

of each 

$1 in the 

payment 

payments 

each pariod, 

a loan 

periodic 

periodic 




period 

period 

future 

tomorrow 

tomorrow 

worth $1 today. 

of stoo 

payments. 

payments. 




8=0+1)" 

s (i+i)"-i 

1 i 


1 — v n 

As= —j— 

1 _ 1 








SB- ! 

Ss n + l)"-1 

V “(1 + i)" 

As 1 — V n 





YR 











YR 

1 

1 

1.030000 

1 000000 

1.00000000 

0.970874 

0.970874 

1.03000000 

103.00 

0030000 

3.00 

1 

2 

2 

1 060900 

2 030000 

0.49261084 

0.942596 

1.913470 

0.52261084 

52.27 

0.045222 

2,26 

2 

3 

3 

1.092727 

3 090900 

0.32353036 

0.915142 

2.828611 

0.35353036 

35.36 

0.060591 

2.02 

3 

4 

4 

1.125509 

4183627 

0.23902705 

0.888487 

3.717098 

0.26902705 

26.91 

0.076108 

1.90 

4 

6 

5 

1.159274 

5 309136 

0.18835457 

0 862609 

4.579707 

0.21835457 

21.84 

0.091773 

1.84 

6 

6 

6 

1.194052 

6.468410 

0.15459750 

0.837484 

5.417191 

0.18459750 

18.46 

0.107585 

1.79 

6 

7 

7 

1.229874 

7.662462 

0.13050635 

0 813092 

6.230283 

0.16050635 

16.06 

0.123544 

1.76 

7 

8 

8 

1.266770 

8.892336 

0.11245639 

0789409 

7.019692 

0.14245639 

14.25 

0.139651 

1.75 

8 

9 

9 

1.304773 

10.159106 

0.09843386 

0.766417 

7.786109 

0.12843386 

12.85 

0.165905 

1.73 

9 

10 

10 

1 343916 

11.463879 

0.08723051 

0.744094 

8.530203 

0.11723051 

11.73 

0.172305 

1.72 

10 

11 

11 

1.384234 

12 807796 

0.07807745 

0.722421 

9.252624 

0.10807745 

10.81 

0.188852 

1.72 

11 

12 

12 

1 425761 

14 192030 

0.07046209 

0.701380 

9.954004 

0.10046209 

10.05 

0.205545 

1.71 

12 

13 

13 

1.468534 

15 617790 

0.06402954 

0.680951 

10.634955 

0.09402954 

9.41 

0.222384 

1.71 

13 

14 

14 

1 512590 

17 086324 

0.05852634 

0.661118 

11.296073 

0.08852634 

8.86 

0.239369 

1.71 

14 

15 

15 

1.557967 

18 598914 

005376658 

0.641862 

11.937935 

0.08376658 

8.38 

0.256499 

1.71 

18 

16 

16 

1 604706 

20.156881 

0.04961085 

0.623167 

12.561102 

0.07961085 

7.97 

0.273774 

1.71 

16 

17 

17 

1.652848 

21.761588 

0.04595253 

0.605016 

13.166118 

0.07595253 

7.60 

0.291193 

1.71 

17 

18 

18 

1 702433 

23 414435 

0.042 70870 

0.587395 

13.753513 

0.07270870 

7.28 

0.308757 

1.72 

18 

19 

19 

1.753506 

25 116868 

0.03981388 

0.570286 

14.323799 

0.06981388 

6.99 

0.326464 

1.72 

19 

20 

20 

1 806111 

26.870374 

0.03721571 

0.553676 

14.877475 

0.06721071 

6.73 

0.344314 

1.72 

20 

21 

21 

1 860295 

28.676486 

0.03487178 

0.537549 

15.415024 

0.06487178 

6.49 

0.362307 

1.73 

21 

22 

22 

1 916103 

30 536780 

003274739 

0.521893 

15.936917 

0.06274739 

6.28 

0.380443 

1.73 

22 

23 

23 

1.973587 

32.452884 

0.03081390 

0.506692 

16.443608 

0.06081390 

6.09 

0.398720 

1.73 

23 

24 

24 

2 032794 

34.426470 

0.02904742 

0.491934 

16.935542 

0.05904742 

5.91 

0 . 4 T 7138 

1.74 

24 

25 

25 

2 093778 

36.459264 

0.02742787 

0.477606 

17.413148 

0.05742787 

5.75 

0.435697 

1.74 

25 

26 

26 

2156591 

38.553042 

0.02593829 

0.463695 

17.876842 

0.05593829 

5.60 

0.454396 

1.76 

26 

27 

27 

2 221289 

40.709634 

0.02456421 

0.450189 

18.327031 

0.05456421 

5.46 

0.473234 

1.75 

27 

28 

28 

2 287928 

42 930923 

0.02329323 

0.437077 

18.764108 

0.05329323 

5.33 

0.492211 

1.76 

28 

29 

29 

2 356566 

45.218850 

0.02211467 

0.424346 

19.188455 

0.05211467 

5.22 

0.511325 

1.76 

29 

30 

30 

2 427262 

47.575416 

0.02101926 

0.411987 

19.600441 

0.05101926 

5.11 

0.530578 

1.77 

30 

31 

31 

2.500080 

50.002678 

0.01999893 

0.399987 

20.000428 

0.04999893 

5.00 

0.549967 

1.77 

31 

32 

32 

2 575083 

52.502759 

0.01904662 

0.388337 

20.388766 

0.04904662 

491 

0.569492 

1.78 

32 

33 

33 

2 652335 

55.077841 

0.01815612 

0.377026 

20.765792 

0.04815612 

4.82 

0.569152 

0.608947 

1.79 

33 

34 

34 

2 731905 

57.730177 

0.01732196 

0.366045 

21.131837 

0.04732196 

4.74 

1.79 

34 

35 

35 

2 813862 

60.462082 

0.01653929 

0.355383 

21.487220 

0.04653929 

4.66 

0.628875 

1.80 

36 

36 

36 

2.898278 

63.275944 

0.01580379 

0.345032 

21.832252 

0.04580379 

4.59 

0.646937 

1.80 

36 

37 

37 

2.985227 

66.174223 

0.01511162 

0.334983 

22.167235 

0.04511162 

4.52 

0.669130 

1.81 

37 

38 

38 

3.074783 

69.159449 

001445934 

0.325226 

22.492462 

0.04445934 

4.45 

0.689455 

0.709910 

1.81 

38 

39 

39 

3.167027 

72.234233 

0.01384385 

0.315754 

22.808215 

0.04384385 

4.39 

1.82 

39 

40 

40 

3 262038 

75.401260 

001326238 

0.306557 

23.114772 

0.04326238 

4.33 

0.730495 

1.83 

40 

41 

41 

3 359899 

78.663298 

0.01271241 

0.297628 

23.412400 

0.04271241 

4.28 

0.751209 

1.83 

41 

42 

42 

3.460696 

82.023196 

001219167 

0.288959 

23.701359 

0.04219167 

4.22 

0 . 77'2050 

1.84 

42 

43 

43 

3.564517 

85.483892 

0.01169811 

0.280543 

23.981902 

0.04169811 

4.17 

0.793019 

1.84 

43 

44 

44 

3.671452 

89 048409 

0 01122985 

0.272372 

24.254274 

0.04122985 

4.13 

0.814113 

1.86 

44 

45 

45 

3 781596 

92.719861 

001078518 

0.264439 

24.518713 

0.04078518 

4.08 

0.835333 

1.86 

45 

46 

46 

3.895044 

96.501457 

0.01036254 

0.256737 

24.775449 

0.04036254 

4.04 

0.856677 

1.86 

46 

47 

47 

4.011895 

100.396501 

0.00996051 

0.249259 

25.024706 

0.03996051 

4.00 

0.876144 

1.87 

47 

48 

48 

4.132252 

104.408396 

0.00957777 

0.241999 

25.266707 

0.03957777 

3.96 

0.899733 

1.87 

48 

49 

49 

4.256219 

108.540648 

0.00921314 

0.234950 

25.501657 

0.03921314 

3.93 

0.921444 

1.88 

49 

50 

50 

4.383906 

112.796867 

000886549 

0.228107 

25.729764 

0.03886549 

3.89 

0 . 94*3275 

1.89 

50 
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COMPOUND INTEREST 

AND ANNUITY 

TABLE 




4.00 

% 











ANNUAL 



Amount 

Amount 

Sinking 

Present 

Present 

Periodic 

Constant 


Annual 




Of 1 

Of 1 

Fund 

Worth 

Worth Of 1 

Payment To 

Annual 

Total 

Add-on 





Per Period 

Payment 

Of 1 

Per Period 

Amortize 1 

Percent 

Interest 

Rate 




What a single 

What a series 

The amount 

What $1 

What $1 

The mortgage 

The annual 

The total The average 




$1 deposit 

of $1 deposits 

to be 

to be paid 

to be paid 

payment 

payment. 

interest paid annuat 




grows to 

grow to 

deposited 

in the future 

at the end of 

to amortize 

including 

over the term interest rate 




in the future. 

in the future. 

at the end 

is worth 

each period is 

a loan of $1 

interest and 

on a loan on a loan that 




The deposit 

A deposit 

of each 

today 

worth today 

An annuity 

principal, 

of $1. The loan is completely 




is made at the 

is made at the 

period that 

Value today 

Value today 

certain, payable 

to amortize 

is amortized amortized by 




beginning 

end 

grows to 

of a single 

of a series of 

at the end of 

completely 

by regular regular 




of the first 

of each 

$1 in the 

payment 

payments 

each period, 

a loan 

periodic periodic 




period. 

period 

future 

tomorrow 

tomorrow 

worth $1 today 

of$100 

payments p 

layments 




S=<l+i)» 

Sa < 1 + i > n - 1 

1 _ 1 


1—Vn 

i _ i 









Ss (1+i)"-1 

(l-fl)n 


A it 1-V" 





YR 











YR 

1 

1 

1 040000 

1 000000 

1.00000000 

0.961538 

0.961538 

1.04000000 

104.00 

0.040000 

4.00 

1 

2 

2 

1.081600 

2.040000 

0.49019608 

0.924556 

1.886095 

0.53019608 

53.02 

0.060392 

3.02 

2 

3 

3 

1.124864 

3.121600 

0.32034854 

0.888996 

2.775091 

0.36034854 

36.04 

0.081046 

2.70 

3 

4 

4 

1.169859 

4.246464 

0.23549005 

0.854804 

3.629895 

0.27549005 

27.55 

0.101960 

2.55 

4 

5 

5 

1.216653 

5.416323 

0.18462711 

0.821927 

4.451822 

0.22462711 

22.47 

0.123136 

2.46 

6 

6 

6 

1.265319 

6.632975 

0.15076190 

0.790315 

5.242137 

0.19076190 

19.08 

0.144571 

2.41 

6 

7 

7 

1.315932 

7.898294 

0.12660961 

0.759918 

6.002055 

0.16660961 

16.67 

0.166267 

2.38 

7 

8 

8 

1.368569 

9.214226 

0.10852783 

0.730690 

6.732745 

0.14852783 

14.86 

0.188223 

2.35 

8 

9 

9 

1.423312 

10.582795 

0.09449299 

0.702587 

7.435332 

0.13449299 

13.45 

0.210437 

2.34 

9 

10 

10 

1.480244 

12.006107 

0.08329094 

0.675564 

8.110896 

0.12329094 

12.33 

0.232909 

2.33 

10 

11 

11 

1.539454 

13.486351 

0.07414904 

0.649581 

8.760477 

0.11414904 

11.42 

0.255639 

2.32 

11 

12 

12 

1.601032 

15.025805 

0.06655217 

0.624597 

9.385074 

0.10655217 

10.66 

0.278626 

2.32 

12 

13 

13 

1.665074 

16.626838 

0.06014373 

0.600574 

9.985648 

0.10014373 

10.02 

0.301868 

2.32 

13 

14 

14 

1.731676 

18.291911 

0.05466897 

0.577475 

10.563123 

0.09466897 

9.47 

0.325366 

2.32 

14 

15 

15 

1.800944 

20.023588 

0.04994110 

0.555265 

11.118387 

0.08994110 

9.00 

0.349117 

2.33 

16 

16 

16 

1.872981 

21.824531 

0.04582000 

0.533908 

11.652296 

0.08582000 

8.59 

0.373120 

2.33 

16 

17 

17 

1 947900 

23.697512 

0.04219852 

0.513373 

12165669 

008219852 

8.22 

0.397375 

2.34 

17 

18 

18 

2.025817 

25.645413 

003899333 

0.493628 

12.659297 

0.07899333 

7.90 

0.421880 

2.34 

18 

19 

19 

2.106849 

27.671229 

0.03613862 

0.474642 

13.133939 

0.07613862 

7.62 

0.446634 

2.35 

19 

20 

20 

2.191123 

29.778079 

0.03356175 

0.456387 

13.590326 

0.07358175 

7.36 

0.471635 

2.36 

20 

21 

21 

2 278768 

31.969202 

003128011 

0.438834 

14.029160 

0.07128011 

7.13 

0.496882 

2.37 

21 

22 

22 

2.369919 

34.247970 

0.02919881 

0.421955 

14.451115 

0.06919881 

6.92 

0.522374 

2.37 

22 

23 

23 

2.464716 

36.617889 

002730906 

0.405726 

14.856842 

0.06730906 

6.74 

0.548108 

2.38 

23 

24 

24 

2.563304 

39.082604 

002558683 

0.390121 

15.246963 

0.06558683 

6.56 

0.574084 

2.39 

24 

25 

25 

2.665836 

41.645908 

002401196 

0.375117 

15.622080 

0 06401196 

6.41 

0.600299 

2.40 

26 

26 

26 

2.772470 

44.311745 

002256738 

0.360689 

15.982769 

0.06256738 

6.26 

0 626752 

2.41 

26 

27 

27 

2.883369 

47.084214 

002123854 

0346817 

16.329586 

0.06123854 

6.13 

0.653441 

2.42 

27 

28 

28 

2.998703 

49.967583 

002001298 

0.333477 

16.663063 

0.06001298 

6.01 

0.680363 

2.43 

28 

29 

29 

3.118651 

52.966286 

001887993 

0.320651 

16.983715 

0.06887993 

5.89 

0.707518 

2.44 

29 

30 

30 

3.243398 

56.084938 

001783010 

0.308319 

1 7.292033 

0.05783010 

5.79 

0.734903 

2.45 

30 

31 

31 

3.373133 

59.328335 

001685535 

0.296460 

17.588494 

0.05685535 

5.69 

0.762516 

2.46 

31 

32 

32 

3.508059 

62.701469 

0.01594859 

0.285058 

17.873551 

0.05594859 

5.60 

0.790355 

2.47 

32 

33 

33 

3.648381 

66.209527 

001510357 

0 274094 

18.147646 

0.05510357 

5.52 

0.818418 

2.48 

33 

34 

34 

3.794316 

69.857909 

001431477 

0.263552 

18.411198 

0.05431477 

5.44 

0.846702 

2.49 

34 

35 

35 

3.946089 

73.652225 

001357732 

0.253415 

18.664613 

0.05357732 

5.36 

0.875206 

2.50 

35 

36 

36 

4.103933 

77.598314 

001288688 

0.243669 

18.908282 

0.05288688 

5.29 

0.903928 

2.51 

36 

37 

37 

4.268090 

81.702246 

001223957 

0.234297 

19.142579 

0.05223957 

5.23 

0.932864 

2.52 

37 

38 

38 

4438813 

85.970336 

0.01163192 

0.225285 

19.367864 

0.05163192 

5.17 

0.962013 

2 53 

38 

39 

39 

4.616366 

90.409150 

001106083 

0.216621 

19.584485 

0.05106083 

5.11 

0.991372 

2.54 

39 

40 

40 

4.801021 

95.025516 

0.01052349 

0.208289 

19.792774 

0.65052349 

5.06 

1.020940 

2.55 

40 

41 

41 

4.993061 

99.826536 

0.01001738 

0.200278 

19.993052 

0.05001738 

5.01 

1.050712 

2.56 

41 

42 

42 

5.192784 

104.819598 

000954020 

0.192575 

20.185627 

0.04954020 

4.96 

1.080688 

2.57 

42 

43 

43 

5.400495 

110.012382 

0.00908989 

0.185168 

20.370795 

0.04908989 

4.91 

1.110865 

2.58 

43 

44 

44 

5.616515 

115412877 

0.00866454 

0.178046 

20.548841 

0.04866454 

4.87 

1.141240 

2.59 

44 

45 

45 

5.841176 

121.029392 

0.00826246 

0.171198 

20.720040 

0.04826246 

4.83 

1.171811 

2.60 

45 

46 

46 

6.074823 

126.870568 

0.00788205 

0.164614 

20.884654 

0.04788205 

4.79 

1.202574 

2.61 

46 

47 

47 

6.317816 

132.945390 

0.00752189 

0.158283 

21.042936 

0.04752189 

4.76 

1.233529 

2.62 

47 

48 

48 

6.570528 

139.263206 

0.00718065 

0.152195 

21.195131 

0.04718065 

4.72 

1.264671 

2.63 

48 

49 

49 

6.833349 

145.833734 

0.00685712 

0.146341 

21.341472 

0.04685712 

4.69 

1.295999 

2.64 

49 

50 

50 

7.106683 

152.667084 

0.00655020 

0.140713 

21.482185 

0.04655020 

4.66 

1.327510 

. 2.66 

50 
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COMPOUND INTEREST AND ANNUITY 




Amount 

Amount 

Sinking 

Present 



Of 1 

Of 1 

Fund 

Worth 




Per Period Payment 

Of 1 



What a single 

What a series 

The amount 

WhatSI 



$1 deposit 

of $1 deposits 

to be 

to be paid 



grows to 

grow to 

deposited 

m the future 



in the future 

in the future. 

at the end 

is worth 



The deposit 

A deposit 

of each 

today 



is made at the 

is made at the 

period that 

Value today 



beginning 

end 

grows to 

of a single 



ot the first 

of each 

$1 in the 

payment 



period 

period 

future. 

tomorrow 



S=<1+i>" 

s„ = M=l 

1 _ i 

Vr> — — - — 

YR 



i 

Ss (14-l) n —1 

(1 + i)" 

1 

1 

1.050000 

1 000000 

1.00000000 

0.952381 

2 

2 

1 102500 

2 050000 

0487S0488 

0 907029 

3 

3 

1 157625 

3.152500 

0.31720856 

0.863838 

4 

4 

1 215506 

4310125 

0.23201183 

0.822702 

5 

5 

1 276282 

5.525631 

018097480 

0 783526 

6 

6 

1 340096 

6.801913 

0.14701747 

0.746215 

7 

7 

1 407100 

8.142008 

012281982 

0.710681 

8 

8 

1 477455 

9 549109 

0.10472181 

0.676839 

9 

9 

1 551328 

11.026564 

0.09069008 

0.644609 

10 

10 

1.628895 

12 577893 

0.07950457 

0.613913 

11 

11 

1.710339 

14 206787 

0.07038889 

0.584679 

12 

12 

1 795856 

15.917127 

0.06282541 

0.556837 

13 

13 

1 885649 

17 712983 

0.05645577 

0.530321 

14 

14 

1 979932 

19 598632 

0.05102397 

0.505068 

15 

15 

2 078928 

21.578564 

0.04634229 

0481017 

16 

16 

2182875 

23.657492 

0.04226991 

0.458112 

17 

17 

2 292018 

25.840366 

C.03869914 

0.436297 

18 

18 

2 4Q6619 

28.132385 

0.03554622 

0.415521 

19 

19 

2 526950 

30.539004 

0.03274501 

0.395734 

20 

20 

2.653298 

33 065954 

0 03024259 

0 376889 

21 

21 

2.785963 

35 719252 

0.02799611 

0.358942 

22 

22 

2 925261 

38 505214 

0 02597051 

0.341850 

23 

23 

3.071524 

41.430475 

0 02413682 

0.325571 

24 

24 

3 225100 

44.501999 

0.02247090 

0.310068 

25 

25 

3 386355 

47.727099 

0.02095246 

0.295303 

26 

26 

3 555673 

51.113454 

0 01956432 

0.281241 

27 

27 

3 733456 

54.669126 

0.01829186 

0.267848 

28 

28 

3 920129 

58.402583 

0.01712253 

0.255094 

29 

29 

4116136 

62.322712 

0.01604 551 

0.242946 

30 

30 

4 321942 

66 438848 

0.01 505144 

0.231377 

31 

31 

4.538039 

70.760790 

0.01413212 

0.220359 

32 

32 

4 764941 

75.298829 

0 01328042 

0.209866 

33 

33 

5 003189 

80 063771 

0 01249004 

0.199873 

34 

34 

5 253348 

85.066959 

0.01175545 

0190355 

35 

35 

5 516015 

90.320307 

0.01107171 

0181290 

36 

36 

5 791816 

95 836323 

0.01043446 

0.172657 

37 

37 

6 081407 

101.628139 

0.00983979 

0.164436 

38 

38 

6 385477 

107.709546 

0.00928423 

0.156605 

39 

39 

6 704751 

114.095023 

0.00876462 

0.149148 

40 

40 

7.039989 

120 799774 

0 00827816 

0.142046 

41 

41 

7 391988 

127 839763 

0.00782229 

0.135282 

42 

42 

7 761588 

135 231751 

0.00739471 

0.128840 

43 

43 

8.149667 

142 993339 

0.00699333 

0.122704 

44 

44 

8 557150 

151 143006 

0 00661625 

0.116861 

45 

45 

8 985008 

159700156 

0 00626173 

0.111297 

46 

46 

9 434258 

168.685164 

0.00592820 

0.105997 

47 

47 

9 905971 

178.119422 

0.00561421 

0.100949 

48 

48 

10 401270 

188.025393 

0.00531843 

0.096142 

49 

49 

10 921333 

198426663 

0.00503965 

0.091564 

50 

50 

11 467400 

209 347996 

0 00477674 

0.087204 


TABLE 




5.00 

% 





ANNUAL 

Present 

Periodic 

Constant 


Annual 


Worth Of 1 

Payment To 

Annual 

Total 

Add-on 


Per Period 

Amortize 1 

Percent 

Interest 

Rate 


What $1 

The mortgage 

The annual 

The total 

The average 


to be paid 

payment 

payment, 

interest paid 

annual 


at the end of 

to amortize 

including 

over the term 

interest rate 


each period is 

a loan of $1 

interest and 

on a loan 

on a loan that 

worth today 

An annuity 

principal, 

of $1 . The loan 

. completely 


Value today 

certain, payable 

to amortize 

is amortized 

amortized by 


of a series of 

at the end of 

completely 

by regular 

regular 


payments 

each period, 

a loan 

periodic 

periodic 


tomorrow 

worth $1 today 

of $100 

payments 

payments 


As^ 

1 _ i 






An l-V" 










YR 

0.952381 

1.05000000 

105.00 

0.050000 

5.00 

1 

1.859410 

0.53780488 

' 53.79 

0.075610 

3:78 

2 

2.723248 

0.36720856 

36.73 

0.101626 

3.39 

3 

3.545951 

0.28201183 

28.21 

0.128047 

3.20 

4 

4.329477 

0.23097480 

23.10 

04 54874 

3 10 

5 

5.075692 

0.19701747 

19.71 

0.182105 

3.04 

6 

5.786373 

0 17281982 

17.29 

0.209739 

3.00 

7 

6.463213 

0.15472181 

15.48 

0.237775 

2.97 

8 

7.107822 

0.14069008 

14.07 

0.266211 

2.96 

9 

7.721735 

0.12950457 

12 96 

0.295046 

2 95 

10 

8.306414 

0.12038889 

12.04 

0.324278 

2.95 

11 

8.863252 

0.11282541 

11.29 

0.353905 

2.95 

12 

9.393573 

0.10645577 

10.65 

0.383926 

2.95 

13 

9.898641 

0.10102397 

10.11 

0.414336 

2 96 

14 

10.379658 

0.09634229 

9.64 

0.445134 

2.97 

15 

10.837770 

0.09226991 

9.23 

0.476319 

2.98 

16 

11.274066 

0.08869914 

8.87 

0.507885 

2.99 

17 

11.689587 

0.08554622 

8.56 

0.539832 

3.00 

18 

12.085321 

0.08274501 

8.28 

0.572165 

3.01 

19 

12.462210 

0.08024259 

8.03 

0.804852 

3.02 

20 

12.821153 

0.07799611 

7.80 

0.637918 

3.04 

21 

13.163003 

0.07597051 

7.60 

0.671351 

3 05 

22 

13.488574 

0.07413682 

7.42 

0.705147 

3.07 

23 

13.798642 

0.07247090 

7.25 

0.739302 

3.08 

24 

14.093945 

0.07095246 

7.10 

0.773811 

3.10 

25 

14.375185 

0.06956432 

6.96 

0.808672 

3.11 

26 

14.643034 

0.06829186 

6.83 

0.843880 

3.13 

27 

14.898127 

0.06712253 

6.72 

0.879431 

3.14 

28 

15.141074 

0.06604551 

6.61 

0.915320 

3.16 

29 

15.372451 

0.06505144 

6.51 

0.951543 

3.17 

30 

15.592811 

006413212 

6.42 

0.988096 

3.19 

31 

15.802677 

0.06328042 

6.33 

1.024973 

3.20 

32 

16.002549 

0.06249004 

6.25 

1.062171 

3.22 

33 

16.192904 

0.06175545 

6.18 

1.099685 

3.23 

34 

16.374194 

0.06107171 

6 11 

1 137510 

3.25 

35 

16.546852 

0.06043446 

6.05 

1.175640 

3.27 

36 

16 711287 

0.05983979 

5.99 

1.214072 

3.28 

37 

16.867893 

0.05928423 

5.93 

1.252801 

3.30 

38 

17.017041 

0.05876462 

5.88 

1.291820 

3.31 

39 

17.159086 

005827816 

5 83 

1.331126 

3.33 

40 

17.294368 

0.05782229 

5.79 

1.370714 

3.34 

41 

17.423208 

0.05739471 

5.74 

1.410578 

3.36 

42 

17.545912 

0.05699333 

5.70 

1 450713 

3.37 

43 

17.662773 

0 05661625 

5.67 

1.491115 

3.39 

44 

17 774070 

0.05626173 

5.63 

1 531778 

3.40 

45 

17.880066 

0.05592820 

5.60 

1.572697 

3.42 

46 

17.981016 

0.05561421 

5.57 

1.613868 

3.43 

47 

18.077158 

0.05531843 

5.54 

1.655285 

3.45 

48 

18.168722 

0.05503965 

5.51 

1.696943 

3 46 

49 

18.255925 

0.05477674 

5.48 

1.738837 

3 48 

50 
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COMPOUND INTEREST AND ANNUITY TABLE 


6.00 % 
ANNUAL 




Amount 

Amount 

Sinking 

Present 

Present 

Periodic Constant 

Annua! 



Of 1 

Of 1 

Fund 

Worth 

Worth Of 1 Payment To 

Annua! 

Total Add-on 




Per Period 

Payment 

Of 1 

Per Period Amortize 1 

Percent 

Interest 

Rate 






What $1 

What$1 The mortgage 

The annual 

The total The average 






to be paid 

to be paid payment 

payment, 

interest paid annual 






in the future 

at the end ol to afnortize 

including 

over the term interest rate 






is worth 

each period is a 

loan of $1 

interest and 

on a loan on a loan that 







worth today An annuity 

principal, 








Value today 

Value today certain, payable 

to amortize 

is amortized amortized oy 







of a series of at the end of 

completely 

by regular regular 





$1 in the 

payment 

payments each period, 

a loan 

periodic periodic 



period 

period. 

future 

iomorrow 

tomorrow worth $1 today 


oayments payments 



S-(1 + 0" 

<1+» n —1 

1 _ i 

Vn- 1 

1-V" 

1_ _ J_ 







i 

Ss (1+1V-1 

(1 + 0" 





YR 

1 

1 060000 

1000000 

1.00000000 

0.943396 

0.943396 

1.06000000 

106.00 

0.0600Q0 

6.00 

2 

2 

1 123600 

2.060000 

0 48543689 

0.889996 

1.833393 

0.54543689 

54.55 

0.090874 

4.54 

3 

3 

1 191016 

3.183600 

0.31410981 

0 839619 

2.673012 

0.37410981 

37.42 

0.122329 

4.08 

4 

4 

1 262477 

4.374616 

0 22859,149 

0.792094 

3.465106 

0.28859149 

28.86 

0.154366 

3.86 

5 

5 

1 338226 

5.637093 

0.17739640 

0.747258 

4.212364 

0.23739640 

23.74 

0.186982 

3.74 

6 

6 

1.418519 

6 975319 

0.14336263 

0.704961 

4.917324 

020336263 

20.34 

0.220176 

3.67 

7 

7 

1 503630 

8 393838 

0.11913502 

0 665057 

5.582381 

0.17913502 

17.92 

6.253945 

3.63 

8 

8 

1 593848 

9 897468 

010103594 

0 627412 

6.209794 

0.16103594 

16.11 

0.288288 

3.60 

9 

9 

1 689479 

11.491316 

0.08702224 

0.591898 

6.801692 

0.14702224 

14.71 

0.323200 

3.59 

10 

10 

1 790848 

13.180795 

0 07586796 

0.558395 

7.360087 

0.13586796 

13,59 

0.358680 

3.59 

11 

11 

1 898299 

14 971643 

0.06679294 

0 526788 

7.886875 

0.12679294 

12.68 

0.394722 

3.59 

12 

12 

2.012196 

16 869941 

0 05927703 

0.496969 

8.383844 

0 119i27703 

11.93 

0.431324 

3.59 

13 

13 

2132928 

18.882138 

0.05296011 

0.468839 

8.852683 

0.11296011 

11.30 

0.468481 

3.60 

14 

14 

2 260904 

21.015066 

0 04758491 

0.442301 

9.294984 

0.10758491 

1076 

0 506189 

3.62 

15 

15 

2 396558 

23.275970 

0.04296276 

0.417265 

9 712249 

0,10296276 

10.30 

0.544441 

3.63 

16 

16 

2 540352 

25 672528 

003895214 

0.393646 

10 105895 

0.09895214 

9.90 

0.583234 

3.65 

17 

17 

2 692773 

28.212880 

0.03544480 

0 371364 

10.477260 

0.09544480 

9.55 

0.622562 

3.66 

18 

18 

2.854339 

30.905653 

003235654 

0.350344 

10.827603 

0.09235654 

9.24 

0.662418 

3.68 

19 

19 

3.025600 

33 759992 

0.02962086 

0.330513 

11.158116 

0.08962086 

8 97 

0.702796 

3.70 

20 

20 

3.207135 

36 785591 

0.02718456 

0 311805 

11.469921 

0 08718456 

8.72 

0.743691 

3.72 

21 

21 

3 399564 

39 992727 

0 02500455 

0.294155 

11.764077 

0.08500455 

8.51 

0.785095 

3.74 

22 

22 

3 603537 

43 392290 

0 02304557 

0.277505 

12.041582 

0.08304557 

8.31 

0.827003 

3.76 

23 

23 

3 819750 

46.995828 

0 02127848 

0 261797 

12.303379 

0.08127848 

8.13 

0.869405 

3.78 

24 

24 

4 048935 

50 815577 

001967900 

0.246979 

12.550358 

0 07967900 

7.97 

0912296 

3.80 

25 

25 

4291871 

54.864512 

0.01822672 

0.232999 

12.783356 

0.07822672 

7.83 

0.955668 

3.82 

26 

26 

4 549383 

59156383 

0.01690435 

0 219810 

13 003166 

0.07690435 

7 70 

0 999513 

3.84 

27 

27 

4.822346 

63 705766 

0 01569717 

0.207368 

13.210534 

007569717 

7.57 

1.043823 

3.87 

28 

28 

5 111687 

68 528112 

0.01459255 

0.195630 

13.406164 

0.07459255 

7.46 

1.088591 

3.89 

29 

29 

5 418388 

73.639798 

0.01357961 

0.184557 

13.590721 

0.07357961 

7 36 

1.133809 

3.91 

30 

30 

5 743491 

79 058186 

0 01264891 

0.174110 

13 764831 

0.07264891 

7.27 

1.179467 

3.93 

31 

31 

6.088101 

84.801677 

0 01179222 

0.164255 

13.929086 

0.07179222 

7.18 

1.225559 

3.95 

32 

32 

6.453387 

90 889778 

0.01100234 

0.154957 

14 084043 

0.07100234 

711 

1 272075 

3.98 

33 

33 

6 840590 

97 343165 

001027293 

0146186 

14.230230 

0.07027293 

7.03 

1.319007 

4.00 

34 

34 

7 251025 

104 183755 

0 00959843 

0137912 

14.368141 

0.06959843 

6.96 

1 366346 

4.02 

35 

35 

7 686087 

111 434780 

0.00897386 

0130105 

14 498246 

0.06897386 

6 90 

1.414085 

4.04 

36 

36 

8.147252 

119120867 

0 00839483 

0.122741 

14.620987 

006839483 

6.84 

1 462214 

4.06 

37 

37 

8 636087 

127 26811 9 

0.00785743 

0.115793 

14.736780 

0.06785743 

6.79 

1.510725 

4.08 

38 

38 

9.154252 

135 904206 

0 00735812 

0.109239 

14 846019 

006735812 

6 74 

1 559609 

4.10 

39 

39 

9 703507 

145.058458 

0.00689377 

0.103056 

14.949075 

0.06689377 

6 69 

1.608857 

4.13 

40 

40 

10.285718 

154.761966 

0 00646154 

0.097222 

15.046297 

0.06646154 

6.65 

1.658461 

4.15 

41 

41 

10 902861 

165.047684 

0 00605886 

0091719 

15.138016 

0.06605886 

6.61 

1.708413 

4.17 

42 

42 

11 557033 

175 950545 

0.00568342 

0 086527 

1 5 224543 

0.06568342 

6.57 

1.758703 

4.19 

43 

43 

12 250455 

187.507577 

0.00533312 

0081630 

15 306173 

0.d6533312 

6.54 

1.809324 

4.21 

44 

44 

12.985482 

199 758032 

0.00500606 

0.077009 

15.383182 

0.(36500606 

6.51 

1.860266 

4.23 

45 

45 

13 764611 

212.743514 

0.00470050 

0 072650 

15.455832 

0 06470050 

6.48 

1 911522 

4 25 

46 

46 

14 590487 

226 508125 

0.00441485 

0 068538 

15.524370 

0.06441485 

6.45 

1.963083 

4.27 

47 

47 

15.465917 

241 098612 

0 00414768 

0.064658 

15.589028 

0.06414768 

6 42 

2 014941 

4.29 

48 

48 

16 393872 

256 564529 

0 00389765 

0 060998 

15.650027 

0.06389765 

6 39 

2.067087 

4.31 

49 

49 

1 7 377504 

272 958401 

0 00366356 

0.057546 

15.707572 

0 06366356 

6.37 

2119515 

4.33 

50 

50 

18 42015^ 

290 335905 

0.00344429 

0.054288 

15 761861 

0.06344429 

6.35 

2.172214 

4.34 


YR 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 


37 

38 

39 

40 

41 

42 
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COMPOUND INTEREST AND ANNUITY 

Amount Amount Sinking Present 

Of 1 Of 1 Fund Worth 

Per Period Payment Of 1 

What a single What a senes The amount What $1 

$1 deposit ot $1 deposits to be to be paid 

grows to grow to deposited m the future 

in the future in the future at the end is worth 

The deposit A deposit of each today 

is made at the is made at the period that Value today 

beginning end grows to of a single 

of the first of each $1 in the payment 

psriod period future tomorrow 

S =< 1 + I > n 1 - ' V n 1 

1 Ss M+I)n-1 ~(1 + i)" 

YR 

2 

1 

1 070000 

1 000000 

1 00000000 

0.934579 

2 

1 144900 

2 070000 

0.48309179 

0.873439 

3 

3 

1 225043 

3 214900 

0 31105167 

0.816298 

4 

4 

1 310796 

4 439943 

0 22522812 

0.762895 

5 

5 

1 402552 

5 750739 

017389069 

0 712986 

6 

6 

1 500730 

7 153291 

0.13979580 

0.666342 

7 

7 

1 605781 

8 654021 

0 11555322 

0.622750 

8 

8 

1 718186 

10.259803 

0 09746776 

0.582009 

9 

9 

1 838459 

1 1 977989 

0.08348647 

0.543934 

10 

10 

1 967151 

13.816448 

0 07237750 

0.508349 

11 

11 

2104852 

15.783599 

0 06335690 

0.475093 

12 

12 

2 252192 

17 888451 

0.05590199 

0 444012 

13 

13 

2 409845 

20.140643 

0.04965085 

0.414964 

14 

14 

2 578534 

22 550488 

0.04434494 

0.387817 

15 

15 

2 759032 

25129022 

0 03979462 

0 362446 

16 

16 

2 952164 

27 888054 

0.03585765 

0 338735 

17 

17 

3 158815 

30 840217 

0 03242519 

0.316574 

18 

18 

3 379932 

33.999033 

0.02941260 

0.295864 

19 

19 

3 616528 

37 378965 

0.02675301 

0 276508 

20 

20 

3 869684 

40 995492 

0 02439293 

0 258419 

21 

21 

4140562 

44 865177 

0.02228900 

0 241513 

22 

22 

4 430402 

49 005739 

0.02040577 

0.225713 

23 

23 

4 740530 

53.436141 

0.01871393 

0.210947 

24 

24 

5 072367 

58.176671 

0.01718902 

0.197147 

25 

25 

5 427433 

63.249038 

0.01581052 

0 184249 

26 

26 

5 807353 

68.676470 

0.01456103 

0172195 

27 

27 

6 213868 

74.483823 

0.01342573 

0.160930 

28 

28 

6.648838 

80.697691 

0.01239193 

0.150402 

29 

29 

7 114257 

87.346529 

001144865 

0.140563 

30 

30 

7 612255 

94.460786 

0.01058640 

0 131367 

31 

31 

8145113 

102.073041 

0.00979691 

0.122773 

32 

32 

8.715271 

110.218154 

0.00907292 

0.114741 

33 

33 

9 325340 

118.933425 

000840807 

0.107235 

34 

34 

9.978114 

128 258765 

0.00779674 

0100219 

35 

35 

10 676581 

138.236878 

0 00723396 

0.093663 

36 

36 

11 423942 

148.913460 

0,00671531 

0.087535 

37 

37 

12.223618 

160.337402 

0.00623685 

0.081809 

38 

38 

13 079271 

172.561020 

0.00579505 

0.076457 

39 

39 

13 994820 

185.640292 

0.00538676 

0.071455 

40 

40 

14 974458 

199.635112 

000500914 

0.066780 

41 

41 

16 022670 

214.609570 

0.00465962 

0.062412 

42 

42 

17.144257 

230.632240 

0.00433591 

0.058329 

43 

43 

18.344355 

247.776496 

0.00403590 

0.054513 

44 

44 

19 628460 

266 120851 

0.00375769 

0.050946 

45 

45 

21 002452 

285 749311 

0.00349957 

0.047613 

46 

46 

22 472623 

306 751763 

0.00325996 

0.044499 

47 

47 

24 045707 

329.224386 

0.00303744 

0.041587 

48 

48 

25 728907 

353.270093 

0.00283070 

0.038867 

49 

49 

27 529930 

378.999000 

0.00263853 

0.036324 

50 

50 

29 457025 

406 528929 

0.00245985 

0033948 


TABLE 

Present 
Worth Of 1 
Per Period 

Periodic 
Payment To 
Amortize 1 

Constant 

Annual 

Percent 

Total 

Interest 

7.00 % 
ANNUAL 

Annual 

Add-on 

Rate 

What $1 
to be paid 

The mortgage 
payment 

The annual 
payment, 

The total 
interest paid 

The average 
annual 

at the end of 

to amortize 

including 

over the term 

interest ra\t 


each period is 

a loan of $1 

interest and 

on a loan 

on a loan that 

worth today 

An annuity 

principal, 

of $1 The loan 

is completely 
amortized by 
regular 
periodic 
payments 

YR 

Value today 
of a series of 
payments 
tomorrow 

A.=irV= 

certain payable 
al the end of 
each period, 
worth $1 today. 

As~ 1-V" 

to amortize 
completely 
a loan 
of $100 

is amortized 
by regular 
periodic 
oayments „ 

0.934579 

1 07000000 

107.00 

0.070000 

7.00 

1 

1.808018 

0.55309179 

55.31 

0.106184 

5.31 

2 

2.624316 

0.38105167 

38.11 

0.143155 

4.77 

3 

3.387211 

0.29522812 

29.53 

0.180912 

4.52 

4 

4.100197 

0.24389069 

24.39 

0.219453 

4.39 

5 

4.766540 

0.20979580 

20.98 

0.258775 

4.31 

6 

5 389289 

0.18555322 

18.56 

0.298873 

4.27 

7 

5.971299 

0.16746776 

16.75 

0.339742 

4.25 

8 

6.515232 

0.15348647 

15.35 

0.381378 

4.24 

9 

7 023582 

0.14237750 

14.24 

0.423775 

4.24 

10 

7.498674 

0.13335690 

13.34 

0.466926 

4.24 

11 

7.942686 

0.12590199 

12.60 

0.510824 

4 26 

12 

8.357651 

0.11965085 

11.97 

0.555461' 

4.27 

13 

8.745468 

0.11434494 

11.44 

0.600829 

4.29 

14 

9.107914 

0.10979462 

10.98 

0.646919 

431 

15 

9.446649 

010585765 

10.59 

0.693722 

4.34 

16 

9.763223 

0.10242519 

10.25 

0.741228 

4.36 

17 

10.059087 

0.09941260 

9.95 

0.789427 

4.39 

18 

10.335595 

0.09675301 

9.68 

0.838307 

4.41 

19 

10.594014 

0 09439293 

9 44 

0 887859 

4.44 

20 

10.835527 

0.09228900 

9.23 

0.938069 

4.47 

21 

11.061240 

0.09040577 

9.05 

0.988927 

4.50 

22 

1 1.272187 

0,08871393 

8.88 

1.040420 

4.52 

23 

11.469334 

0.08718902 

8.72 

1.092536 

4.55 

24 

11 653583 

0 08581052 

8 59 

1.145263 

4 58 

25 

1 1.825779 

0.08456103 

8.46 

1.198587 

4 61 

26 

11.986709 

0.08342573 

8.35 

1.252495 

4.64 

27 

12.137111 

0.08239193 

8.24 

1.306974 

4.67 

28 

12 277674 

0.08144865 

8,15 

1.362011 

4 70 

29 

12.409041 

0.08058640 

8.06 

1.417592 

4.73 

30 

12.531814 

0.07979691 

7.98 

1.473704 

4.75 

31 

12.646555 

0.07907292 

7.91 

1.530333 

4.78 

32 

12.753790 

0 07840807 

7.85 

1.587466 

4.81 

33 

12.854009 

0.07779674 

• 7.78 

1.645089 

4.84 

34 

12 947672 

0.07723396 

7.73 

1 703189 

4.87 

35 

13035208 

0.07671531 

7.68 

1.7*61751 

4 89 

36 

13.117017 

007623685 

7.63 

1.820763 

4.92 

37 

13.193473 

0.07579505 

7.58 

1.880212 

4.95 

38 

13.264928 

0 07538676 

7.54 

1.940084 

4 97 

39 

13 331709 

0 0750C914 

7 51 

2.000366 

500 

40 

13.394120 

0.07465962 

7.47 

2.061045 

5.03 

41 

13.452449 

007433591 

7.44 

2.122108 

5.05 

42 

13 506962 

0.07403590 

7.41 

2.183543 

5.08 

43 

13.557908 

007375769 

7.38 

2.245338 

5.10 

44 

13.605522 

0 07349957 

7 35 

2.307481 

5 13 

45 

13.650020 

0.07325996 

7.33 

2.369958 

5.15 

46 

13.691608 

0.07303744 

7.31 

2.432760 

5.18 

47 

13.730474 

007283070 

7.29 

2.495873 

5.20 

48 

13.766799 

0.07263853 

727 

2.559288 

5.22 

49 

13.800746 

0 07245985 

7.25 

2.622992 

5.25 

50 



536 Appendix B: Compound Interest and Annuity Tables 


COMPOUND INTEREST AND ANNUITY 




Amount 

Amount 

Sinking 

Present 



Of 1 

Of 1 

Fund 

Worth 




Per Period 

Payment 

Of 1 



What a single 

What a series 

The amount 

What $1 



$1 deposit 

of $1 deposits 

to be 

to be paid 



grows to 

grow to 

deposited 

m the future 



in the future 

in the future 

at the end 

is worth 



The deposit 

A deposit 

of each 

today 



is made at the 

is made at the 

period that 

Value today 



beginning 

end 

grows to 

of a single 



of the first 

of each 

$1 in the 

payment 



period 

period 

future 

tomorrow 



S=(1 + i) n 


1 _ 1 






Ss fl4-i)"-1 

(i+i) n 

YR 

1 

1 

1.080000 

1 000000 

1 OOOOOOOO 

0.925926 

2 

2 

1 166400 

2 080000 

0.48076923 

0 857339 

3 

3 

1 259712 

3 246400 

0 30803351 

0.793832 

4 

4 

1 360489 

4.506112 

0 22192080 

0 735030 

5 

5 

1 469328 

5 866601 

017045645 

0.680583 

6 

6 

1 586874 

7 335929 

013631539 

0 630170 

7 

7 

1 713824 

8.922803 

011207240 

0.583490 

8 

8 

1 850930 

10 636628 

0.09401476 

0 540269 

9 

9 

1 999005 

12.487558 

0.08007971 

0 500249 

10 

10 

2158925 

14.486562 

0.06902949 

0.463193 

11 

11 

2 331639 

16.645487 

0.06007634 

0.428883 

12 

12 

2 518170 

18.977126 

0.05269502 

0.397114 

13 

13 

2 719624 

21.495297 

0.04652181 

0 367698 

14 

14 

2 937194 

24.214920 

0 04129685 

0.340461 

15 

15 

3172169 

27152114 

0 03682954 

0.315242 

16 

16 

3.425943 

30.324283 

0 03297687 

0.291890 

17 

17 

3 700018 

33.750226 

0 02962943 

0.270269 

18 

18 

3 996019 

37.450244 

0 02670210 

0.250249 

19 

19 

4 315701 

41 446263 

002412763 

0.231712 

20 

20 

4.660957 

45.761964 

0 02185221 

0.214548 

21 

21 

5.033834 

50 422921 

0 01983225 

0198656 

22 

22 

5.436540 

55 456755 

0.01803207 

0183941 

23 

23 

5.871464 

60 893296 

0.01642217 

0 170315 

24 

24 

6.341181 

66.764759 

0.01497796 

0.157699 

25 

25 

6 848475 

73.105940 

0.01367878 

0 146018 

26 

26 

7 396353 

79.954415 

0 01250713 

0.135202 

27 

27 

7.988061 

87.350768 

0 01144810 

0 125187 

28 

28 

8.627106 

95.338830 

0 01048891 

0.115914 

29 

29 

9 317275 

103.965936 

0 00961854 

0.107328 

30 

30 

10.062657 

113283211 

000882743 

0.099377 

31 

31 

10 867669 

123.345868 

0.00810728 

0.092016 

32 

32 

11 737083 

134.213537 

0.00745081 

0 085200 

33 

33 

12 676050 

145.950620 

0.00685163 

0 078889 

34 

34 

13 690134 

158 626670 

0.00630411 

0.073045 

35 

35 

14 785344 

172.316804 

0 00580326 

0.067635 

36 

36 

15 968172 

187.102148 

0 00534467 

0.062625 

37 

37 

17 245626 

203 070320 

0.00492440 

0.057986 

38 

38 

18 625276 

220 315945 

0 00453894 

0.053690 

39 

39 

20 11 5298 

238.941221 

0.00418513 

0.04§713 

40 

40 

21 724521 

259.056519 

000386016 

0.046031 

41 

41 

23.462483 

280.781040 

0 00356149 

0.042621 

42 

42 

25.339482 

304 243523 

0.00328684 

0.039464 

43 

43 

27.366640 

329 583005 

0 00303414 

0.036541 

44 

44 

29.555972 

356 949646 

0 00280152 

0.033834 

45 

45 

31.920449 

386.505617 

0 00258728 

0031328 

46 

46 

34.474085 

418.426067 

0 00238991 

0 029007 

47 

47 

37 232012 

452 900152 

0.00220799 

0.026859 

48 

48 

40 210573 

490132164 

0 00204027 

0.024869 

49 

49 

43 427419 

530 342737 

0.00188557 

0 023027 

50 

50 

46.901613 

573 770156 

0 00174286 

0.021321 


TABLE 8.00 % 

ANNUAL 

Present Periodic Constant Annua! 

Worth Of 1 Payment To Annual Total Add-on 

Per Period Amortize 1 Percent Interest Rate 

What SI The mortgage The annual The total The average 

to be paid payment payment, interest paid annual 

at the end of to amortize including over the term interest rate 

each period is a loan of $1 interest and on a loan on a loan that 

worth today An annuity principal, of $t The loan is completely 

Value today certain, payable to amortize is amortized amortized by 

of a series of at the end of completely by regular regular 

payments each period, a loan periodic periodic 

tomorrow worth $1 today of $100 payments payments 


: 1 } 

ts 1-V" 




YR 

0.925926 

1.08000000 

108.00 

0.080000 

8.00 

1 

1.783265 

0.56076923 

56.08 

0.121538 

6.08 

2 

2.577097 

0 38803351 

38.81 

0.164101 

5.47 

3 

3.312127 

0.30192080 

30 20 

0 207683 

5.19 

4 

3.992710 

0 25045645 

25.05 

0.252282 

5.05 

5 

4.622880 

0.21631539 

21.64 

0 297892 

4.96 

6 

5 206370 

019207240 

19.21 

0.344507 

4.92 

7 

5.746639 

0.17401476 

17.41 

0.392118 

4.90 

8 

6.246888 

016007971 

16.01 

0.440717 

4.90 

9 

6.710081 

0.14902949 

14.91 

0 490295 

4.90 

10 

7.138964 

0.14007634 

14.01 

0.540840 

4.92 

11 

7.536078 

0.13269502 

13.27 

0.592340 

4 94 

12 

7 903776 

0.12652181 

12.66 

0.644783 

4.96 

13 

8.244237 

0 12129685 

12.13 

0.698156 

4 99 

14 

8.559479 

011682954 

11.69 

0 752443 

5.02 

15 

8.851369 

0.11297687 

11.30 

0 807630 

5.05 

16 

9.121638 

010962943 

10.97 

0 863700 

5.08 

17 

9 371887 

0.10670210 

10.68 

0 920638 

5.11 

18 

9 603599 

010412763 

10.42 

0 978425 

5.15 

19 

9.818147 

0.10185221 

10.19 

1.037044 

5.19 

20 


10.016803 0.09983225 9.99 1.096477 5.22 21 

10.200744 0.09803207 9 81 1.156706 5.26 22 

10.371059 0.09642217 9.65 1.217710 5.29 23 

10,528758 0.09497796 9.50 1.279471 5.33 24 

10 674776 0 09367878 9.37 1.341969 5.37 25 

10 809978 0.09250713 9.26 1.405185 5 40 26 

10 935165 0.09144810 9.15 1.469099 5 44 27 

11051078 0 09048891 9.05 1.533689 5.48 28 

11158406 0.08961854 8.97 1.598938 5.51 29 

11.257783 0.08882743 8.89 1.664823 5.55 30 

11.349799 0.08810728 8.82 1.731326 5.58 31 

11 434999 0.08745081 8.75 1.798426 5.62 32 

11.513888 0.08685163 8.69 1.866104 5 65 33 

11586934 0.08630411 8.64 1.934340 5.69 34 

11.654568 008580326 8.59 2.003114 5.72 35 

11.717193 0.08534467 8.54 2.072408 5 76 36 

11.775179 0.08492440 8.50 2.142203 5.79 37 

11.828869 008453894 8.46 2.212480 5 82 38 

11.878582 0.08418513 8.42 2.283220 5.85 39 

11.924613 008386016 8.39 2.354406 5.89 40 

11.967235 008356149 8.36 2.426021 5.92 41 

12.006699 0.08328684 8 33 2.498047 5.95 42 

12.043240 0 08303414 8.31 2.570468 5.98 43 

12.077074 0 08280152 8 29 2.643267 6.01 44 

12.108402 0 08258728 8.26 2.716428 6.04 45 

12.137409 0 08238991 8.24 2.789936 6 07 46 

12.164267 0.08220799 8.23 2.863776 6.09 47 

12.189136 0.08204027 8.21 2.937933 6.12 

12212163 0.08188557 8 19 3.012393 6.15 

12 233485 008174286 8.18 3.087143 6.17 
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COMPOUND INTEREST AND ANNUITY 




Amount 

Amount 

Sinking 

Present 



Of 1 

Of 1 

Fund 

Worth 




Per Period Payment 

Of 1 



What a single 

What a series 

The amount 

What $1 



$1 deposit 

of $1 deposits 

to be 

to be paid 



grows to 

grow to 

deposited 

in the future 



in the future. 

in the future. 

at the end 

is worth 



The deposit 

A deposit 

of each 

today 



is made at the 

is made at the 

period that 

Value today 



beginning 

end 

grows to 

of a single 



of the first 

of each 

$t in the 

payment 



period 

period 

future 

tomorrow 



S=(1+i)" 

Ss <i+D»-i 

1 _ 1 

1 





Ss" (1-t-l) n —1 

~<1+U" 

YR 






1 

1 

1.090000 

1 000000 

1 00000000 

0917431 

2 

2 

1.188100 

2 090000 

0.47846890 

0.841680 

3 

3 

1 295029 

3 278100 

0.30505476 

0.772183 

4 

4 

1,411582 

4 573129 

0.21866866 

0.708425 

5 

5 

1.538624 

5 984711 

0.16709246 

0.649931 

6 

6 

1.677100 

7.523335 

0.13291978 

0.596267 

7 

7 

1 828039 

9.200435 

0.10869052 

0.547034 

8 

8 

1.992563 

11.028474 

0.09067438 

0; 501866 

9 

9 

2171893 

13.021036 

0.07679880 

0.460428 

10 

10 

2 367364 

15.192930 

0.06582009 

0.422411 

11 

11 

2 580426 

17.560293 

0.05694666 

0.387533 

12 

12 

2 812665 

20.140720 

0.04965066 

0.355535 

13 

13 

3.065805 

22.953385 

0.04356656 

0.326179 

14 

14 

3.341727 

26.019189 

0.03843317 

0.299246 

15 

15 

3 642482 

29 360916 

0.03405888 

0.274538 

16 

16 

3 970306 

33 003399 

0.03029991 

0.251870 

17 

17 

4 327633 

36,973705 

0.02704625 

0.231073 

18 

18 

4.717120 

41.301338 

0.02421229 

0.211994 

19 

19 

5.141661 

46.018458 

0.02173041 

0.194490 

20 

20 

5.604411 

51 160120 

0.01954648 

0.178431 

21 

21 

6108808 

56.764530 

0.01761663 

0.163698 

22 

22 

6 658600 

62.873338 

0.01590499 

0.150182 

23 

23 

7.257874 

69.531939 

0.01438188 

0.137781 

24 

24 

7.911083 

76.789813 

0.01302256 

0.126405 

25 

25 

8 623081 

84.700896 

0.01180625 

0.115968 

26 

26 

9 399158 

93.323977 

0.01071536 

0.106393 

27 

27 

10.245082 

102.723135 

0.00973491 

0.097608 

28 

28 

11.167140 

112.968217 

0.00885205 

0.089548 

29 

29 

12 172182 

124.135356 

0.00805572 

0.082155 

30 

30 

13.267678 

136.307539 

0.00733635 

0.075371 

31 

31 

14 461770 

149.575217 

0.00668560 

0.069148 

32 

32 

15.763329 

164.036987 

0.00609619 

0.063438 

33 

33 

17.182028 

179.800315 

0.00556173 

0.058200 

34 

34 

18.728411 

196.982344 

0.00507660 

0.053395 

35 

35 

20.413968 

215.710755 

0.00463584 

0.048986 

36 

36 

22.251225 

236124723 

0.90423505 

0.044941 

37 

37 

24 253835 

258.375948 

0.00387033 

0.041231 

38 

38 

26.436680 

282.629783 

0.00353820 

0.037826 

39 

39 

28.815982 

309.066463 

0.00323555 

0.034703 

40 

40 

31.409420 

337.882445 

0.00295961 

0 031838 

41 

41 

34.236268 

369.291865 

0.00270789 

0 029209 

42 

42 

37.317532 

403.528133 

0.00247814 

0.026797 

43 

43 

40.676110 

440.845665 

0.00226837 

0.024584 

44 

44 

44.336960 

481.521775 

0.00207675 

0.022555 

45 

45 

48 327286 

525.858734 

0.00190165 

0.020692 

46 

46 

52 676742 

574.186021 

0.00174160 

0.018984 

47 

47 

57.417649 

626.862762 

0.00159525 

0.017416 

48 

48 

62 585237 

684.280411 

0.00146139 

0.015978 

49 

49 

68.217908 

746.865648 

0.00133893 

0.014659 

50 

50 

74.357520 

815.083556 

0.00122687 

0.013449 


TABLE 




9.00 

% 





ANNUAL 

Present 

Periodic 

Constant 


Annua! 


Worth Of 1 

Payment To 

Annual 

Total 

Add-on 


Per Period 

Amortize 1 

Percent 

Interest 

Rate 


What $1 

The mortgage 

The annual 

The total 

The average 


to be paid 

payment 

payment, 

interest paid 

annual 


at the end of 

to amortize 

including 

over thpi term 

interest rate 


each period is 

a loan of $1 

interest and 

on a loan 

on a loan that 

worth today 

An annuity 

principal, 

of $1. The foan 

is completely 

Value today 

certain, payable 

to amortize 

is amortized 

amortized by 


of a series of 

at the end of 

completely 

by regular 

regular 


payments 

each period, 

a loan 

periodic 

periodic 


tomorrow 

worth $1 today 

of $100 

oaymehls 

payments 


. 1-V" 

As——:— 

1 _ 1 






As 1-V" 










YR 

0.917431 

1 09000000 

109.00 

0.090000 

9.00 

1 

1.759111 

0.56846890 

56.85 

0.136938 

6.85 

2 

2.531295 

0 39505476 

39.51 

0.165164 

6.17 

3 

3.239720 

0.30866866 

30.87 

0.234675 

5.87 

4 

3.889651 

0.25709246 

25.71 

0.265462 

5 71 

5 

4.485919 

0.22291978 

22.30 

0.337519 

5.63 

6 

5.032953 

0.19869052 

19.87 

0.390834 

5.58 

7 

5.534819 

0.18067438 

18.07 

0.445395 

5.57 

8 

5.995247 

0.16679880 

16.68 

0.501189 

5.57 

9 

6.417658 

0.1 5582009 

15.59 

0.558201 

5.58 

10 

6.805191 

0.14694666 

14.70 

0.616413 

5.60 

11 

7.160725 

0.13965066 

13.97 

0.675808 

5.63 

12 

7.486904 

0.13356656 

13.36 

0.736366 

5.66 

13 

7.786150 

0.12843317 

12.85 

0.798064 

5.70 

14 

8.060688 

0.12405888 

12.41 

0.860883 

5.74 

15 

8.312558 

0.12029991 

12.03 

0.924799 

5.78 

16 

8.543631 

011704625 

11.71 

0.989786 

5.82 

17 

8.755625 

0.11421229 

11.43 

1.055821 

5.87 

18 

8.950115 

0.11173041 

11.18 

1.122878 

5.91 

19 

9.128546 

0.10954648 

10.96 

1.190930 

5 95 

20 

•9.292244 

0.10761863 

10.77 

1.269949 

6.00 

21 

9.442425 

0.10590499 

10.60 

1.329910 

6.05 

22 

9.580207 

0.10438188 

10.44 

1.400783 

6.09 

23 

9.706612 

0.10302256 

10.31 

1.472541 

6.14 

24 

9.822580 

0.10180625 

10 19 

1 545156 

6.18 

25 

9.928972 

0.10071536 

10.08 

1.618599 

6.23 

26 

10.026580 

0.09973491 

9.98 

1.692842 

6.27 

27 

10.116128 

0.09885205 

9.89 

1.767857 

6.31 

28 

10.198283 

0.09805572 

9.81 

1.843616 

6.36 

29 

10.273654 

0 09733635 

9.74 

1.920091 

6.40 

30 

10.342802 

0.09668560 

9.67 

1.987254 

6.44 

31 

10.406240 

0.09609619 

9.61 

2.075078 

6.48 

32 

10.464441 

0.09556173 

9.56 

2.153537 

6.53 

33 

10.517835 

0.09507660 

9.51 

2.232604 

6.57 

34 

10.566821 

0.09463584 

9.47 

2 312254 

6.61 

35 

10.611763 

0.09423505 

9.43 

2.392462 

6.65 

36 

10.652993 

0.09387033 

9.39 

2.473202 

6.68 

37 

10.690820 

0.09353820 

9.36 

2.554452 

6.72 

38 

10.725523 

0.09323555 

9.33' 

2.636186 

6.76 

39 

10.757360 

0.09295961 

9.30 

2.718384 

6 80 

40 

10.786569 

0.09270789 

9.28 

2.801023 

6.83 

41 

10.813366 

0.09247814 

9.25 

2.884082 

6.87 

42 

10.837950 

0.09226837 

9.23 

2.96^540 

6.90 

43 

10.860505 

0.09207675 

9.21 

3.051377 

6.93 

44 

10.881197 

0 09190165 

9.20 

3 135574 

6.97 

45 

10.900181 

0.09174160 

9.18 

3.220113 

7.00 

46 

10.917597 

0.09159525 

9.16 

3.304977 

7.03 

47 

10.933575 

0.09146139 

9.15 

3.390147 

7.06 

48 

10.948234 

0.09133893 

9.14 

3.475608 

7.09 

49 

10.961683 

0.09122687 

9.13 

3.561343 1 

7.12 

50 
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COMPOUND INTEREST 

AND ANNUITY 

TABLE 




10.00 

% 











ANNUAL 



Amount 

Amount 

Sinking 

Present 

Present 

Periodic 

Constant 


Annual 




Of 1 

Of 1 

Fund 

Worth 

Worth Of 1 

Payment To 

Annual 

Total 

Add-on 





Per Period 

Payment 

Of 1 

Per Period 

Amortize 1 

Percent 

Interest 

Rate 




What a single 

What a series 

The amount 

What $1 

What $1 

The mortgage 

The annual 

The total 

The average 




$1 deposit 

of $1 deposils 

to be 

to be paid 

to be paid 

payment 

payment, 

interest paid 

annual 




grows to 

grow to 

deposited 

m the future 

at the end of 

to amortize 

including 

over the term 

interest rate 




in the future. 

in Ihe future 

at the end 

is worth 

each period is 

a loan of $1. 

interest and 

on a loan 

on a loan that 




The deposit 

A deposit 

of each 

today 

worth today 

An annuity 

principal, 

of $1 The loan 

is completely 




is made at the 

is made at the 

period that 

Value today 

Value today 

certain, payable 

to amortize 

is amortized 

amortized by 




beginning 

end 

grows to 

of a single 

of a series of 

at the end of 

completely 

by regular 

regular 




ot the first 

of each 

$1 in the 

payment 

payments 

each period. 

a loan 

periodic 

periodic 




period 

period 

future 

tomorrow 

tomorrow 

worth $1 today 

of $100 

payments 

payments 




S={1 + i)" 


1 _ 1 

V n = yr— - 

1—V" 
As=- i -r L - 

_1__ i 








i 

Ss fl + iP-1 

(1+l) n 

i 

As 1-V" 





YR 











YR 

1 

1 

1 100000 

1 000000 

1.00000000 

0.909091 

0.909091 

1.10000000 

110.00 

0.100000 

10.00 

1 

2 

2 

1 210000 

2.100000 

0.47619048 

0.826446 

1.735537 

0.57619048 

57.62 

0.152381 

7.62 

2 

3 

3 

1.331000 

3 310000 

0.30211480 

0 751315 

2 486852 

0.40211480 

40.22 

0.206344 

6.88 

3 

4 

4 

1.464100 

4 641000 

0.21547080 

0 683013 

3.169865 

0.31547080 

31.55 

0.261883 

6.55 

4 

5 

5 

1 610510 

6105100 

0.16379748 

0 620921 

3 790787 

0.26379748 

26.38 

0.318987 

6 38 

5 

6 

6 

1 771561 

7 715610 

0.12960738 

0.564474 

4.355261 

0.22960738 

22.97 

0.377644 

6.29 

6 

7 

7 

1 948717 

9.487171 

0.10540550 

0 513158 

4.868419 

0.20540550 

20.55 

0.437838 

6.25 

7 

8 

8 

2 143589 

11.435888 

0.08744402 

0.466507 

5.334926 

0.18744402 

18.75 

0.499552 

6.24 

8 

9 

9 

2 357948 

13.579477 

0.07364054 

0.424098 

5 759024 

0.17364054 

17.37 

0.562765 

6.25 

9 

10 

10 

2 593742 

15.937425 

0.06274539 

0.385543 

6.144567 

0.16274539 

16.28 

0.627454 

6.27 

10 

11 

11 

2 8531 17 

18.531167 

0.05396314 

0.350494 

6.495061 

0.15396314 

15.40 

0.693595 

6.31 

11 

12 

12 

3138428 

21 384284 

0.04676332 

0.318631 

6.813692 

0.14676332 

14.68 

0.761160 

6.34 

12 

13 

13 

3 452271 

24 522712 

0.04077852 

0.289664 

7.103356 

0.14077852 

14.08 

0.830121 

6.39 

13 

14 

14 

3 797498 

27.974983 

0.03574622 

0.263331 

7.366687 

6.13574622 

13.58' 

0.900447 

6.43 

14 

15 

15 

4177248 

31 772482 

003147378 

0 239392 

7.606080 

0.13147378 

13.15 

0.972107 

6.48 

15 

16 

16 

4 594973 

35 949730 

0.02781662 

0 217629 

7.823709 

0.12781662 

12.79 

1.045066 

6.53 

16 

17 

17 

5 054470 

40 544703 

0 02466413 

0.197845 

8.021553 

0-12466413 

12.47 

1.119290 

6.58 

17 

18 

18 

5.559917 

45.599173 

0.02193022 

0.179859 

8.201412 

0.12193022 

12.20 

1.194744 

6.64 

18 

19 

19 

6.115909 

51 159090 

0.01954687 

0163508 

8.364920 

0.11954687 

11.96 

1.271390 

6 69 

19 

20 

20 

6 727500 

57 274999 

0.01745962 

0:148644 

8 513564 

0.11745962 

11.75 

1.349192 

6.75 

20 

21 

21 

7 400250 

64 002499 

0 01562439 

0 135131 

8 648694 

0.11562439 

It.57 

1.428112 

6.80 

21 

22 

22 

8.140275 

71.402749 

0.01400506 

0.122846 

8.771540 

0.11400506 

11.41 

1.508111 

6.86 

22 

23 

23 

8 954302 

79.543024 

0.01257181 

0.111678 

8 883218 

0.11257181 

11.26 

1.589152 

6.91 

23 

24 

24 

9.849733 

88.497327 

0.01129978 

0101526 

8 984744 

0.11129978 

11.13 

1.671195 

6.96 

24 

25 

25 

10 834706 

98.347059 

0.01016807 

0.092296 

9.077040 

0.11016807 

11.02 

1.754202 

7.02 

25 

26 

26 

11.918177 

109.181765 

0.00915904 

0.083905 

9.160945 

0.10915904 

10.92 

1.838135 

7.07 

26 

27 

27 

13109994 

121.099942 

0.00825764 

0.076278 

9.237223 

0.10825764 

10.83 

1.922956 

7.12 

27 

28 

28 

14.420994 

134 209936 

0.00745101 

0069343 

9 306567 

0.10745101 

10.75 

2.008628 

7.17 

28 

29 

29 

15.863093 

148.630930 

0.00672807 

0.063039 

9.369606 

0.10672807 

10.68 

2.095114 

7.22 

29 

30 

30 

17 449402 

164 494023 

0.00607925 

0 057309 

9.426914 

0.10607925 

10.61 

2.182377 

7.27 

30 

31 

31 

19.194342 

181.943425 

0.00549621 

0.052099 

9.479013 

0.10549621 

10.55 

2.270383 

7.32 

31 

32 

32 

21.113777 

201 137767 

0.00497172 

0.047362 

9.526376 

0.10497172 

10.50 

2.359095 

7.37 

32 

33 

33 

23225154 

222 251544 

0.00449941 

0.043057 

9.569432 

0.10449941 

10.45 

2.448480 

7.42 

33 

34 

34 

25 547670 

245 476699 

0.00407371 

0.039143 

9.608575 

010407371 

1041 

2.538506 

7.47 

34 

35 

35 

28.102437 

271.024368 

0.00368971 

0.035584 

9.6441 59 

0.10368971 

10.37 

2.6291,40 

7.51 

35 

36 

36 

30.912681 

299.126805 

0.00334306 

0.032349 

9.676508 

0.10334306 

10.34 

2.720350 

7.56 

36 

37 

37 

34 003949 

330.039486 

0.00302994 

0.029408 

9.705917 

0.10302994 

10.31 

2.812108 

7.60 

37 

38 

38 

37.404343 

364 043434 

0.00274692 

0026735 

9.732651 

0.10274692 

10.28 

2.904383 

7.64 

38 

39 

39 

41.144778 

401.447778 

0.00249098 

0.024304 

9.756956 

0.10249098 

10.25 

2.997148 

7.68 

39 

40 

40 

45.259256 

442 592556 

000225941 

0 022095 

9.779051 

0.10225941 

10.23 

3.090377 

7.73 

40 

41 

41 

49.785181 

487 851811 

0.00204980 

0 020086 

9.799137 

0.10204980 

1021 

3.184042 

7.77 

41 

42 

42 

54.763699 

537 636992 

0.00185999 

0 018260 

9.817397 

0.10185999 

10.19 

3.278120 

7.81 

42 

43 

43 

60.240069 

592.400692 

0.00168805 

0.016600 

9.833998 

0.10168805 

10.17 

3.372586 

7.84 

43 

44 

44 

66 264076 

652 640761 

0.00153224 

0 015091 

9.849089 

0.10153224 

10.16 

3.467418 

7.88 

44 

45 

45 

72.890484 

718.904837 

0.00139100 

0.013719 

9.862808 

0.10139100 

10.14 

3.562595 

7.92 

45 

46 

46 

80.179532 

791.795321 

0.00126295 

0.012472 

9.875280 

0.10126295 

10.13 

3.658096 

7.95 

46 

47 

47 

88.197485 

871 974853 

0.00114682 

0.011338 

9 886618 

010114682 

10.12 

3.753901 

7.99 

47 

48 

48 

97.017234 

960.172338 

0.00104148 

0.010307 

9.896926 

0.10104148 

10.11 

3.849991 

8.02 

48 

49 

49 

106.718957 

1057.189572 

0.00094590 

0.009370 

9.906296 

0.10094590 

10.10 

3.946349 

8.05 

49 

50 

50 

117.390853 

1163.908529 

0.00085917 

0.008519 

9.914814 

0.10085917 

10.09 

4.042959 

8.09 

50 
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TABLE 




11.00 

% 











ANNUAL 



Amount 

Amount 

Sinking 

Present 

Present 

Periodic 

Constant 


Annual 




Of 1 

Of 1 

Fund 

Worth 

Worth Of 1 

Payment To 

Annual 

Total 

Add-on 





Per Period 

Payment 

Of 1 

Per Period 

Amortize 1 

Percent 

Interest 

Rate 





What a series 

The amount 

What $1 

What $1 

The mortgage 

The annual 

The total 

The average 






to be 

to be paid 

to be paid 

payment 

payment, 

interest paid 

annual 






deposited 

in the future 

at the end of 

to amortize 

including 

over the term 

interest rate 





in the future 

at the end 

is worth 

each period is 

a loan of $1 

interest and 

on a loan 

on a Joan that 





ot each 

today 

worth today 

An annuity 

principal, 

of $t. The loan 

is completely 






period that 

Value today 

Value today . 

certain, payable 

to amortize 

is amortized 

amortized by 






grows to 

of a single 

of a series of 

at the end of 

completely 

by regular 

regular 






$T in the 

payment 

payments 

each period, 

a loan 

periodic 

periodic 




period 

period 

future 

tomorrow 

tomorrow 

worth $1 today 

of $t00 

payments 

payments 




S=(1 + i) n 

Sn il+'J"- 1 

1 ^ i 


. 1-V" 

1 _ i 









Ss (1 + i)"-1 

(1 + D" 


A B 1-V n 





YR 










YR 

1 

1 

1 110000 

1 000000 

1 00000000 

0.900901 

0.900901 

1.11000000 

111.00 

0.110000 

11.00 

1 

2 

2 

1.232100 

2 110000 

0 47393365 

0811622 

1 712523 

0.58393365 

58.40 

0.167867 

8.39 

2 

3 

3 

1 367631 

3 342100 

0.29921307 

0.731191 

2.443715 

0.40921307 

40.93 

0.227639 

7.59 

3 

4 

4 

1.518070 

4.709731 

0 21232635 

0.658731 

3.102446 

0.32232635 

32.24 

0.289305 

7.23 

4 

5 

5 

1 685058 

6 227801 

0.16057031 

0.593451 

3.695897 

0.27057031 

27.06 

0.352852 

7.06 

5 

6 

6 

1 870415 

7.912860 

012637656 

0.534641 

4.230538 

0.23637656 

23.64 

0.418259 

6.97 

6 

7 

7 

2 076160 

9 783274 

0. 10221 527 

0.481658 

4.712196 

021221527 

21.23 

0 485507 

6.94 

7 

8 

8 

2 304538 

11 859434 

0.08432105 

0.433926 

5.146123 

0.19432105 

19.44 

0.554568 

6.93 

8 

9 

9 

2 558037 

14 163972 

0 07060166 

0.390925 

5.537048 

0.18060166 

18.07 

0.625415 

6.95 

9 

10 

10 

2 839421 

16 722009 

0 05980143 

0.3521 &4 

5.889232 

0.16980143 

16.99 

0.698014 

6.98 

10 

n 

11 

3 151757 

19 561430 

0.05112101 

0.317283 

6.206515 

0.16112101 

16.12 

0.772331 

7.02 

11 

12 

12 

3.498451 

22.71 3l 87 

0.04402729 

0.285841 

6.492356 

0.15402729 

15.41 

0.848327 

7.07 

12 

13 

13 

3 883280 

26.211638 

0.03815099 

0.257514 

6.749870 

0.14815099 

14.82 

0.925963 

7.12 

13 

14 

14 

4.310441 

30.094918 

0.03322820 

0.231995 

6.981865 

014322820 

14.33 

1.005195 

7.18 

14 

15 

15 

4.784589 

34 405359 

0 02906524 

0 209004 

7190870 

0.13906524 

13.91 

1.585979 

7.24 

15 

16 

16 

5 310894 

39 189948 

0.02551675 

0.188292 

7.379162 

013551675 

13.56 

1 .f 68268 

7.30 

16 

17 

17 

5 895093 

44 500843 

0.02247148 

0.169633 

7.548794 

0.13247148 

13.25 

1.2 52015 

7.36 

17 

18 

18 

6 543553 

50 395936 

0.01984287 

0.152822 

7.701617 

0.12984287 

12.99 

1.537172 

7 43 

18 

19 

19 

7,263344 

56.939488 

0.01756250 

0.137678 

7.839294 

0.12756250 

12.76 

1.423688 

7.49 

19 

20 

20 

8062312 

64 202832 

0.01557564 

0.124034 

7.963328 

012557564 

12.56 

1 Ml 1513 

7 56 

20 

21 

21 

8 949166 

72.265144 

0 01383793 

0111742 

8.075070 

0.12383793 

12.39 

1.600597 

7.62 

21 

22 

22 

9 933574 

81.214309 

001231310 

0.100669 

8.175739 

012231310 

12.24 

1.690888 

7.69 

22 

23 

23 

1 1 026267 

91.147884 

001097118 

0.090693 

8.266432 

0.12097118 

12.10 

1.782337 

7.75 

23 

24 

24 

12.239157 

102 174151 

0 00978721 

0.081705 

8 348137 

0.11978721 

11.98 

1.874893 

7181 

24 

25 

25 

13 586464 

114 413307 

0 00874024 

0.073608 

8.421745 

0.11874024 

11 88 

1 968506 

7.87 

25 

26 

26 

15 079865 

127 998771 

0 00781258 

0.066314 

8 488058 

0 11781258 

11.79 

2.063127 

7 94 

26 

27 

27 

16 738650 

143 078636 

0 00698916 

0.059742 

8.547800 

0.11698916 

11.70 

2.158707 

8.00 

27 

28 

28 

18 579901 

159 817286 

0.00625715 

0.053822 

8.601622 

Oil 625715 

11.63 

2.255200 

8.05 

28 

29 

29 

20.623691 

178.397187 

0.00560547 

0.048488 

8,650110 

0.11560547 

11.57 

2.352559 

8.11 

29 

30 

30 

22 892297 

199020878 

0.00502460 

0 043683 

8.693793 

011502460 

1161 

2.450738 

8 17 

30 

31 

31 

25 410449 

221 913174 

0 00450627 

0.039354 

8 733146 

0.11450627 

11.46 

2.549694 

8.22 

31 

32 

32 

28 205599 

247.323624 

0.00404329 

0.035454 

8.768600 

011404329 

11.41 

2.649385 

8.28 

32 

33 

33 

31 308214 

275 529222 

0 00362938 

0.031940 

8.800541 

011362938 

11.37 

2 . W 9770 

8.33 

33 

34 

34 

34 752118 

306.837437 

0.00325905 

0.028775 

8.829316 

0.11325905 

11.33 

2.850808 

8.38 

34 

35 

35 

38 574851 

341 589555 

0 00292749 

0.025924 

8.855240 

0.11292749 

IT. 30 

2.952462 

8 44 

35 

36 

36 

42 818085 

380164406 

0 00263044 

0.023355 

8.878594 

011263044 

11 27 

3.054696 

8.49 

36 

37 

37 

47 528074 

422 982490 

0 00236416 

0 021040 

8.899635 

0.11236416 

11.24 

3.157474 

8.53 

37 

38 

38 

52 756162 

470 510564 

000212535 

0.018955 

8.918590 

0.11212535 

11 22 

3.260763 

8.58 

38 

39 

39 

58.559340 

523.266726 

000191107 

0.017077 

8.935666 

O'l 1191107 

11 20 

3.364532 

8.63 

39 

40 

40 

65 000867 

581 826066 

000171873 

0 015384 

8.951051 

011171873 

11 18 

3.468749 

8.67 

40 

41 

41 

72 150963 

646 826934 

0 00154601 

0.013860 

8.964911 

0.11154601 

11.16 

3.573386 

8.72 

41 

42 

42 

80 087569 

718.977896 

000139086 

0.012486 

8.977397 

011139086 

11.14 

3.678416 

8.76 

42 

43 

43 

88 897201 

799 065465 

000125146 

0.011249 

8.988646 

0.11125146 

11.13 

3.783813 

8.80 

43 

44 

44 

98 675893 

887 962666 

0 00112617 

0010134 

8.998780 

0.11112617 

11.12 

3.889552 

3.84 

44 

45 

45 

109 530242 

986 638559 

000101354 

0 009130 

9007910 

0.11101354 

11.11 

3 995609 

3 88 

45 

46 

46 

121 578568 

1096.168801 

0 00091227 

0.008225 

9.016135 

0.11091227 

1 T 10 

4.101964 

8.92 

46 

47 

47 

134 952211 

1217.747369 

0.00082119 

0.007410 

9023545 

0.11082119 

11.09 

4.208596 

8.95 

47 

48 

48 

149 796954 

1352 699580 

0 00073926 

0.006676 

9.030221 

0.11073926 

1 T .08 

4.315485 

8.99 

48 

49 

49 

166 274619 

1502 496533 

0 00066556 

0.006014 

9.036235 

0.11066556 

11.07 

4.422612 

9.03 

49 

50 

50 

184 564827 

1668 771152 

0 00059924 

0.005418 

9041653 

011059924 

11 06 

4.529962 

9 06 

50 
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TABLE 




12.00 

% 











ANNUAL 



Amount 

Amount 

Sinking 

Present 

Present 

Periodic 

Constant 


Annual 




Of 1 

Of 1 

Fund 

Worth 

Worth Of 1 

Payment To 

Annual 

Total 

Add-on 





Per Period 

Payment 

Of 1 

Per Period 

Amortize 1 

Percent 

Interest 

Rate 




What a single 

What a series 

The amount 

What $1 

What $1 

The mortgage 

The annual 

The total 

fhe average 




$1 deposit 

of $1 deposits 

to be 

to be paid 

to be paid 

payment 

payment. 

interest paid annual 




grows to 

grow to 

deposited 

in the future 

at the end of 

to amortize 

including 

over the term i 

nterest rate 




in the future 

in the future. 

at the end 

is worth 

each period is 

a loan of it 

interest and 

on a loan on a loan that 




The deposit 

A deposit 

of each 

today 

worth today 

An annuity 

principal. 

of $1 The loan i 

s completely 




is made at the 

is made at the 

period that 

Value today 

Value today 

certain, payable 

to amortize 

is amortized amortized by 




beginning 

end 

grows to 

of a single 

of a series of 

at the end of 

completely 

by regular i 

egular 




of the first 

of each 

$1 in the 

payment 

payments 

each period, 

a loan 

periodic periodic 




period 

period 

future 

tomorrow 

tomorrow 

worth $1 today 

of $100 

oayments payments 




S=(1 + i)" 

Sffl= ( l+'> n rJ 

1 _ i 

Vn^- 1 - 

, 1 — V " 

1 _ i 









Ss ft + i )"-1 

(t+l)n 


Aw 1 — V n 





YR 











YR 

1 

1 

1 126000 

1 000000 

1 00000000 

0 892857 

0.892857 

1 12000000 

11200 

0.120000 

12 00 

1 

2 

2 

1 254400 

2.120000 

0 47169811 

0.797194 

1 690051 

0 59169811 

59 17 

0 183396 

9.17 

2 

3 

3 

1 404928 

8 - 374400 

O 29634898 

0.711780 

2 401831 

0 41634898 

44.64 

0 249047 

8 30 

3 

4 

4 

1.573519 

4.779328 

0.20923444 

0.635518 

3 037349 

0 32923444 

32 93 

0 316938 

7.92 

4 

5 

5 

1.762342 

6 352847 

015740973 

0.567427 

3 604776 

0 27740973 

27 75 

0 387049 

7 74 

5 

6 

6 

1 973823 

8115189 

012322572 

0.506631 

4.111407 

0.24322572 

24 33 

0 459354 

7.66 

6 

7 

7 

2.210681 

10 089012 

0 09911774 

0.452349 

4 563757 

021911774 

21 92 

0.533824 

7.63 

7 

8 

8 

2 475963 

12 299693 

0 08130284 

0.403883 

4.967640 

0 20130284 

20.14 

0 610423 

7.63 

8 

9 

9 

2 773079 

14.775656 

0 06767889 

0 360610 

5 328250 

018767889 

1877 

0 689110 

7.66 

9 

10 

10 

3105848 

17 548735 

0 05698416 

0.321973 

5 650223 

017698416 

17 70 

0 769842 

7 70 

10 

11 

11 

3.478550 

20 654583 

0 04841540 

0 287476 

5 937699 

016841540 

1685 

0 852569 

7 75 

11 

12 

12 

3 895976 

24 133133 

0 04143681 

0.256675 

6194374 

0.16143681 

16.15 

0.937242 

7 81 

12 

13 

13 

4.363493 

28 029109 

0 03567720 

0.229174 

6 423548 

015567720 

15 57 

1 023804 

7 88 

13 

14 

14 

4 887112 

32 392602 

0 03087125 

0.204620 

6.628168 

015087125 

15 09 

1 112197 

7 94 

14 

15 

15 

5.473566 

37.279715 

0.02682424 

0.182696 

6 810864 

014682424 

14 69 

1 202364 

8.02 

15 

16 

16 

6130394 

42 753280 

0 02339002 

0.163122 

6.973986 

Q 14339002 

14.34 

1.294240 

ST )9 

ie 

17 

17 

6.866041 

48.883674 

0 02045673 

0.145644 

7119630 

014045673 

14 05 

1 387764 

8 16 

17 

18 

18 

7 689966 

55 749715 

001793731 

0.130040 

7.249670 

013793731 

13 80 

1 482872 

8 24 

18 

19 

19 

8 612762 

63.439681 

001576300 

0 116107 

7 365777 

013576300 

13 58 

1 579497 

8.31 

19 

20 

20 

9 646293 

72.052442 

0.01387878 

0.103667 

7.469444 

013387878 

13 39 

1 677576 

8 39 

20 

21 

21 

10.803848 

81.698736 

001224009 

0 092560 

7 562003 

013224009 

13 23 

1 777042 

8 46 

21 

22 

22 

12 100310 

92 502584 

001081051 

0.082643 

7.644646 

0 13081051 

13 09 

1 877831 

8.54 

22 

23 

23 

13.552347 

104.602894 

0 00955996 

0.073788 

7 718434 

012955996 

12 96 

1 979879 

8.61 

23 

24 

24 

15178629 

118.155241 

0 00846344 

0.065882 

7 784316 

012846344 

12 85 

2 083123 

8.68 

24 

25 

25 

1 7.000064 

133 333870 

0 00749997 

0 058823 

7 843139 

0 12749997 

12 75 

2 187499 

8 75 

25 

26 

26 

1 9 040072 

150 333934 

0 00665186 

0 052521 

7 895660 

012665186 

12.67 

2.292948 

8.82 

26 

27 

27 

21 324881 

169.374007 

0 00590409 

0.046894 

7 942554 

0 12590409 

12 60 

2 399411 

8 89 

27 

28 

28 

23 883866 

190 698887 

0 00524387 

0 041869 

7 984423 

012524387 

12.53 

2.506828 

8 95 

28 

29 

29 

26 749930 

214.582754 

0 00466021 

0.037383 

8 021806 

012466021 

12 47 

2 615146 

9 02 

29 

30 

30 

29 959922 

241 332684 

0 00414366 

0.033378 

8.055184 

0.12414366 

12 42 

2 724310 

9.08 

30 

31 

31 

33 555113 

271.292606 

0.00368606 

0.029802 

8 084986 

012368606 

12 37 

2 834268 

9.14 

31 

32 

32 

37 581726 

304 847719 

0 00328033 

0 026609 

8 111594 

012328033 

12 33 

2.944970 

9.20 

32 

33 

33 

42 091533 

342 429446 

0 00292031 

0.023758 

8135352 

012292031 

12 30 

3 056370 

9 26 

33 

34 

34 

47142517 

384 520979 

0 00260064 

0021212 

8 156564 

0.12260064 

12 27 

3.168422 

9.32 

34 

35 

35 

52 799620 

431 663496 

0.00231662 

0.018940 

8175504 

012231662 

12 24 

3 281082 

9.37 

35 

36 

36 

59135574 

484 463116 

0 00206414 

0016910 

8192414 

012206414 

12 21 

3 394309 

9 43 

36 

37 

37 

66 231843 

543 598690 

0 00183959 

0.015098 

8.207513 

0.12183959 

12.19 

3.508065 

9.48 

37 

38 

38 

74.179664 

609 830533 

0 00163980 

0 013481 

8 220993 

012163980 

12 17 

3 622312 

9.53 

38 

39 

39 

83 081224 

684 010197 

000146197 

0.012036 

8 233030 

012146197 

12.15 

3 737017 

9.58 

39 

40 

40 

93 050970 

767 091420 

0 00130363 

0 010747 

8 243777 

012130363 

12 14 

3 852145 

9.63 

40 

41 

41 

104 217087 

860142391 

0 00116260 

0 009595 

8 253372 

0.12116260 

12.12 

3 967667 

9.68 

41 

42 

42 

116 723137 

964 359478 

0 00103696 

0 008567 

8 261939 

012103696 

12 11 

4 083552 

9 72 

42 

43 

43 

130 729914 

1081 082615 

0 00092500 

0.007649 

8 269589 

0.12092500 

12.10 

4 199775 

9 77 

43 

44 

44 

146 417503 

1211 812529 

0 00082521 

0 006830 

8 276418 

012082521 

12 09 

4 316309 

9 81 

44 

45 

45 

163 987604 

1358 230032 

0 00073625 

0.006098 

8.282516 

012073625 

12.08 

4 433131 

9 85 

45 

46 

46 

183 666116 

1522 217636 

0 00065694 

0.005445 

8.287961 

0.12065694 

12.07 

4 550219 

9 89 

46 

47 

47 

205 706050 

1705 883752 

0 00058621 

0 004861 

8.292822 

012058621 

12.06 

4 667552 

9 93 

47 

48 

48 

230 390776 

191 1 589803 

0 00052312 

0 004340 

8.297163 

012052312 

12.06 

4 785110 

9.97 

48 

49 

49 

258 037669 

2141 980579 

0 00046686 

0 003875 

8 301038 

012046686 

12 05 

4 902876 

1001 

49 

50 

50 

289 002190 

2400 018249 

0 00041666 

0 003460 

8.304498 

012041666 

12 05 

5.020833 

10.04 

50 
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COMPOUND INTEREST 


AND ANNUITY TABLE 


13.00 % 
ANNUAL 




Amount 

Amount 

Sinking 

Present 



Of 1 

Of 1 

Fund 

Worth 




Per Period 

Payment 

Of 1 



What a single 

What a series 

The amount 

What $1 



$1 deposit 

of $1 deposits 

to be 

to be paid 



grows to 

grow to 

deposited 

m the future 



in the future 

in the future 

at the end 

is worth 



The deposit 

A deposit 

of each 

today. 



is mede at the 

is made at the 

period that 

Value today 



beginning 

end 

grows to 

of a single 



of the first 

of each 

$1 in the 

payment 



period 

period. 

future 

tomorrow 



S=(1+i)" 


1 _ t 





i 

Ss (1 -t- il n —1 

(1 + i)" 

YR 






1 

1 

1 130000 

1.000000 

1.00000000 

0.884956 

2 

2 

1 276900 

2.130000 

0.46948357 

0.783147 

3 

3 

1 442897 

3 406900 

0.29352197 

0.693050 

4 

4 

1 630474 

4 849797 

020619420 

0.613319 

5 

5 

1 842435 

6 480271 

0.15431454 

0.542760 

6 

6 

2 081952 

8 322706 

0.12015323 

0 480319 

7 

7 

2 352605 

10 404658 

0.09611080 

0.425061 

8 

8 

2 658444 

12 757263 

0.07838672 

0 376160 

9 

9 

3 004042 

15 415707 

0 06486890 

0 332885 

10 

10 

3 394567 

18.419749 

0 05428956 

0 294588 

11 

11 

3 835861 

21.814317 

0 04584145 

0 260698 

12 

12 

4.334523 

25.650178 

003898608 

0 230706 

13 

13 

4 898011 

29.984701 

0.03335034 

0.204165 

14 

14 

5.534753 

34.882712 

0 02866750 

0180677 

15 

15 

6 254270 

40 417464 

0.02474178 

0159891 

16 

16 

7 067326 

46 671735 

0 02142624 

0.141496 

17 

17 

7 986078 

53.739060 

0.01860844 

0.125218 

18 

18 

9 024268 

61.725138 

0.01620085 

0.110812 

19 

19 

10.197423 

70 749406 

0.01413439 

0 098064 

20 

20 

1 1 523088 

80 946829 

0 01235379 

0 086782 

21 

21 

13 021089 

92.469917 

001081433 

0.076798 

22 

22 

14 713831 

105.491006 

0.00947948 

0.067963 

23 

23 

16.626629 

120.204837 

0.00831913 

0.060144 

24 

24 

18 788091 

136.831465 

0.00730826 

0.053225 

25 

25 

21 230542 

155.619556 

0 00642593 

0 047102 

26 

26 

23 990513 

176.850098 

0.00565451 

0.041683 

27 

27 

27109279 

200.840611 

0 00497907 

0.036888 

28 

28 

30.633486 

227 949890 

0.00438693 

0.032644 

29 

29 

34 615839 

258.583376 

0.00386722 

0 028889 

30 

30 

39.115898 

293 199215 

0 00341065 

0 025565 

31 

31 

44 200965 

332.3151 13 

0 00300919 

0.022624 

32 

32 

49.947090 

376.516078 

0.00265593 

0.020021 

33 

33 

56 440212 

426.463168 

0.00234487 

0.Q17718 

34 

34 

63.777439 

482.903380 

0 00207081 

0.015680 

35 

35 

72.068506 

546 680819 

0 00182922 

0013876 

36 

36 

81.437412 

618.749325 

0.00161616 

0.012279 

37 

37 

92 024276 

700 186738 

0.00142819 

0.010867 

38 

38 

103 987432 

792 21 1014 

0.00126229 

0.009617 

39 

39 

117.505798 

896198445 

000111582 

0-008510 

40 

40 

132 781552 

1013 704243 

0.00098648 

0.007531 

41 

41 

150.043153 

1 146.485795 

0.00087223 

0.006665 

42 

42 

169.548763 

1296.528948 

000077129 

0 005898 

43 

43 

191.590103 

1466.077712 

0.00068209 

0.005219 

44 

44 

216 496816 

1657.667814 

0 00060326 

0 004619 

45 

45 

244 641402 

1874.164630 

0.00053357 

0.004088 

46 

46 

276 444784 

2118.806032 

0 00047196 

0.003617 

47 

47 

312.382606 

2395.250816 

0.00041749 

0 003201 

48 

48 

352.992345 

2707.633422 

0.00036933 

0.002833 

49 

49 

398881350 

3060.625767 

000032673 

0,002507 

50 

50 

450 735925 

3459.507117 

0 00028906 

0.002219 


Present 
Worth Of 1 
Per Period 

What $1 
to be paid 
at the end of 
each period is 
worth today 
Value today , 
of a series of 
payments 
tomorrow 

. 1-V" 

As =—j— 

Periodic 
Payment To 
Amortize 1 

The mortgage 
payment 
to amortize 
a loan of $1 

An annuity 
certain, payable 
at the end of 
each period, 
worth $1 today 

As ~ T-~V" 

Constant 

Annual 

Percent 

The annua! 
payment, 
including 
interest and 
principal, 
to amortize 
completely 
a loan 
of $100 

Total 

Interest 

The total 
interest paid 
over the term 
on r loan 
of $1, The loan 
is amortized 
by regular 
periodic 
payments 

Annual 

Add-on 

Rate 

The average 
annual 
interest rate 
on a loan that 
is completely 
amortized by 
regular 
periodic 
payments 

YR 

0.884956 

1.13000000 

113.00 

0.130000 

13.00 

1 

1.668102 

0.59948357 

59.95 

0.198967 

9.95 

2 

2.361153 

0.42352197 

42.36 

0.270566 

9.02 

3 

2.974471 

0.33619420 

33.62 

0.344777 

8.62 

4 

3 517231 

0.28431454 

28 44 

0.421573 

8.43 

5 

3 997550 

0.25015323 

25.02 

0.500919 

8 35 

6 

4.422610 

0.22611080 

22.62 

0.582776 

8.33 

7 

4 798770 

0 20838672 

20.84 

0,667094 

8.34 

8 

5 131655 

0.19486890 

19.49 

0.753820 

8.38 

9 

5 426243 

018428956 

18 43 

0 842896 

8 43 

10 

5.686941 

0.17584145 

17.59 

0.934256 

8.49 

11 

5.917647 

0.16898608 

16.90 

1.027833 

8.57 

12 

6.121812 

0 16335034 

16.34 

1.123554 

8i64 

13 

6,302488 

015866750 

15.87 

1.221345 

8.72 

14 

6.462379 

015474178 

15.48 

1.321127 

8.81 

15 

6.603875 

0.15142624 

15 15 

4 .422820 

8.89 

16 

6 729093 

0.14860844 

14.87 

1 526343 

8.98 

17 

6.839905 

0.14620085 

14.63 

1.63161 5 

9.06 

18 

6.937969 

0.14413439 

14.42 

1.738553 

9.15 

19 

7 024752 

0.14235379 

14.24 

1.847076 

9 24 

20 

7.101550 

0.14081433 

14.09 

1.957101 

9.32 

21 

7.169513 

0.13947948 

13.95 

2.068549 

9.40 

22 

7 229658 

0.13831913 

13.84 

2.181340 

9.48 

23 

7.282883 

0.13730826 

13.74 

2.295398 

9.56 

24 

7 329985 

0.13642593 

13.65 

2.410648 

9.64 

25 

7,371668 

0.13565451 

13.57 

2.527017 

9.72 

26 

7.408556 

0.13497907 

13.50 

2.644435 

9.79 

27 

7.441200 

0.13438693 

13.44 

2.762834 

9.87 

28 

7.470088 

013386722 

13.39 

2.882150 

9.94 

29 

7 495653 

013341065 

13.35 

3.002320 

10.01 

30 

7.518277 

0.13300919 

13.31 

3.123285 

10.08 

31 

7.538299 

0.13265593 

13.27 

3.244990 

10.14 

32 

7.556016 

0.13234487 

13.24 

■3.367381 

10.20 

33 

7.571696 

0,13207081 

13.21 

3.490407 

10.27 

34 

7 585572 

0.13182922 

13 19 

3.614023 

10.33 

35 

7.597851 

0-13161616 

13.17 

3.738182 

10.38 

36 

7.608718 

0.13142819 

13 15 

3.862843 

10.44 

37 

7 618334 

0.13126229 

13.13 

3.987967 

10.49 

38 

7 626844 

0.13111582 

13.12 

4.113517 

10.55 

39 

7 634376 

0.13098648 

13.10 

4.239459 

10.60 

40 

7 641040 

0.13087223 

13.09 

4.365761 

10.65 

41 

7 646938 

0.13077129 

13.08 

4.492394 

10.70 

42 

7.652158 

0.13068209 

13.07 

4.619330 

10 74 

43 

7.656777 

0.13060326 

13.07 

4.746543 

10.79 

44 

7 660864 

0.13053357 

1306 

4.874011 

10.83 

45 

7.664482 

0.13047196 

13.05 

5.001710 

10.87 

46 

7.667683 

0.13041749 

13.05 

5.129622 

10.91 

47 

7 670516 

0.13036933 

13.04 

5.257728 

10.95 

48 

7 673023 

013032673 

13.04 

5 386010 

10.99 

49 

7 675242 

013028906 

13.03 

’5.514453 

11 03 

50 
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COMPOUND INTEREST AND ANNUITY TABLE 


14.00 % 
ANNUAL 


YR 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 



Present Periodic Constant Annual 

Worth Of 1 Payment To Annual Total Add-on 
Per Period Amortize 1 Percent Interest Rate 



1 -V" 1 _ j 

i As~ 1— V" 


YR 

0877193 1.14000000 11400 0.140000 1400 1 

1.646661 0 60728972 60 73 0 214579 10 73 2 

2 321632 0.43073148 43 08 0.292194 9 74 3 

2.913712 0 34320478 34 33 0 372819 9 32 4 

3 433081 0.29128355 29 13 0.456418 9 13 5 


3 888668 

0 25715750 

25.72 

0.542945 

9.05 

6 

4 288305 

0 23319238 

23 32 

0 632347 

9-03 

7 

4 638864 

0 21557002 

21.56 

0.724560 

9 06 

8 

4.946372 

0 20216838 

20 22 

0819515 

9 11 

9 

5216116 

019171354 

19 18 

0.917135 

9 17 

10 

5 452733 

018339427 

18.34 

1.017337 

9 25 

11 

5 660292 

017666933 

17 67 

1 120032 

9 33 

12 

5 842362 

0.17116366 

17.12 

1 225128 

9 42 

13 

6 002072 

016660914 

16 67 

1 332528 

9 52 

14 

6142168 

016280896 

16.29 

1 442134 

9 61 

15 

6 265060 

0 15961540 

15.97 

1 553846 

9.71 

16 

6 372859 

015691544 

15 70 

1 667562 

9 81 

17 

6.467420 

015462115 

15.47 

1 783181 

9 91 

18 

6 550369 

0.15266316 

15 27 

1.900600 

1000 

19 

6.623131 

015098600 

15.10 

2 019720 

10.10 

2b 

6.686957 

014954486 

14 96 

2140442 

10.19 

21 

6 742944 

014830317 

14 84 

2 262670 

10 28 

22 

6.792056 

014723081 

14.73 

2 386309 

10 38 

23 

6 835137 

0.14630284 

14 64 

2 511268 

10 46 

24 

6 872927 

0.14549841 

14.55 

2 637460 

10 55 

25 

6.906077 

014480001 

14.49 

2 764800 

10 63 

26 

6 935155 

0.14419288 

14 42 

2 893208 

10 72 

27 

6 960662 

0.14366449 

14.37 

3 022606 

10 80 

28 

6 983037 

0.14320417 

14 33 

3 152921 

1087 

29 

7 002664 

014280279 

14.29 

3.284084 

10.95 

30 

7.019881 

014245256 

14 25 

3 416029 

11.02 

31 

7 034983 

0.14214675 

14 22 

3.548696 

11 09 

32 

7.048231 

014187958 

14 19 

3 682026 

1116 

33 

7 059852 

014164604 

14 17 

3 815965 

11 22 

34 

7 070045 

0 14144181 

14.15 

3 950463 

11 29 

35 

7.078987 

014126315 

14 13 

4 085473 

11 35 

36 

7 086831 

0.14110680 

14 12 

4 220952 

11 41 

37 

7.093711 

014096993 

14.10 

4 356857 

11.47 

38 

7 099747 

0.14085010 

14 09 

4 493154 

11 52 

39 

7 105041 

014074514 

14.08 

4 629806 

11 57 

40 

7 109685 

014065321 

14 07 

4 766781 

11.63 

41 

7 113759 

014057266 

1406 

4.904052 

11.68 

42 

7.1 17332 

014050208 

14 06 

5 041590 

11.72 

43 

7.120467 

014044023 

14 05 

5.179370 

11 77 

44 

7.123217 

014038602 

14 04 

5 317371 

11 82 

45 

7 125629 

014033850 

14 04 

5.455571 

11 86 

46 

7127744 

014029684 

14 03 

5 593951 

11 90 

47 

7 129600 

014026032 

14 03 

5.732495 

11 94 

48 

7 131228 

014022830 

14.03 

5 871186 

11 98 

49 

7 132656 

0.14020022 

14.03 

6 010011 

12 02 

50 
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COMPOUND INTEREST 

AND ANNUITY 

TABLE 




15.00 

% 











ANNUAL 



Amount 

Amount 

Sinking 

Present 

Present 

Periodic 

Constant 


Annual 




Of 1 

Of 1 

Fund 

Worth 

Worth Of 1 

Payment To 

Annual 

Total 

Add-on 





Per Period 

Payment 

Of 1 

Per Period 

Amortize 1 

Percent 

Interest 

Rate 




What a single 

What a senes 

The amount 

What $1 

What $1 

The mortgage 

The annual 

The total 

The average 




$1 deposit 

of $1 deposits 

to be 

to be paid 

to be paid 

payment 

payment, 

interest paid 

annual 




grows to 

grow to 

deposited 

in the future 

at the end of 

to amortize 

including 

over the term 

nterest rate 




in the future 

in the future. 

at the end 

is worth 

each period is 

a loan of $1 

interest and 

on a loan 

on a loan that 




The deposit 

A deposit 

of each 

today 

worth today 

An annuity 

principal, 

of $f. The loan 

s completely 




is made at the 

is made at the 

period that 

Value today 

Value today 

certain, payable 

to amortize 

is amortized 

amortized by 




beginning 

end 

grows to 

of a single 

of a series of 

at the end of 

completely 

by regular 

regular 




of the first 

of each 

$1 in the 

payment 

payments 

each period, 

a loan 

periodic 

periodic 




period 

period 

future 

tomorrow 

tomorrow 

worth $1 today 

of $100 

payments 

rayments 




S =(1 + I>" 


1 _ 1 
S B -(l + i)n_i 

V n_L_ 


As ~ T- V " 





YR 











YR 

1 

1 

1 150000 

1 000000 

1.00000000 

0.869565 

0 869565 

1.15000000 

115.00 

0.150000 

15.00 

1 

2 

2 

1 322500 

2 150000 

0.46511628 

0.756144 

1.625709 

0.61511628 

61.52 

0.230233 

11.51 

2 

3 

3 

1 520875 

3 472500 

0.28797696 

0 657516 

2.283225 

0 43797696 

43.80 

0.313931 

1046 

3 

4 

4 

1 749006 

4.993375 

0 20026535 

0 571753 

2.854978 

0.35026535 

35.03 

0.401061 

10.03 

4 

5 

5 

2011357 

6.742381 

0.14831555 

0.497177 

3.352155 

0.29831555 

29.84 

0.491578 

9 83 

5 

6 

6 

2 313061 

8 753738 

011423691 

0 432328 

3.784483 

0 26423691 

26.43 

0.585421 

9 76 

6 

7 

7 

2 660020 

11 066799 

0.09036036 

0 375937 

4.160420 

0.24036036 

24 04 

0.682523 

9.75 

7 

8 

8 

3 059023 

13 726819 

0 07285009 

0 326902 

4.487322 

0.22285009 

22.29 

0.782801 

9.79 

8 

9 

9 

3 517876 

16.785842 

0.05957402 

0 284262 

4 771584 

0.20957402 

20.96 

0.886166 

9.85 

9 

10 

10 

4 045558 

20 303718 

0 04925206 

0 247185 

5.018769 

019925206 

19.93 

0.992521 

9.93 

10 

11 

11 

4.652391 

24 349276 

0.04106898 

0.214943 

5.233712 

0 19106898 

19.11 

1.101759 

10 02 

11 

12 

12 

5 350250 

29 001667 

0 03448078 

0186907 

5.420619 

0.18448078 

18.45 

1.213769 

10.11 

12 

13 

13 

6152788 

34.351917 

0.02911046 

0162528 

5.583147 

017911046 

17.92 

1.328436 

10.22 

13 

14 

14 

7 075706 

40 504705 

0.02468849 

0141329 

5 724476 

0.17468849 

17.47 

1.445639 

10.33 

14 

15 

15 

8137062 

47 580411 

0.02101705 

0.122894 

5.847370 

0.17101705 

17 11 

1,565256 

10 44 

15 

16 

16 

9 357621 

55 717472 

0.01794769 

0106865 

5.954235 

0.16794769 

16.80 

1.687163 

10.54 

16 

17 

17 

10 761264 

65 075093 

0.01536686 

0 092926 

6 047161 

0.16536686 

16.54 

1.811237 

10.65 

17 

18 

18 

12 375454 

75 836357 

001318629 

0 080805 

6 127966 

0.16318629 

16.32 

1.937353 

10.76 

18 

19 

19 

14231772 

88211811 

0.01133635 

0.070265 

6198231 

0.16133635 

16.14 

2.065391 

10.87 

19 

20 

20 

16.366537 

102 443583 

000976147 

0 061100 

6 259331 

015976147 

15 98 

2.195229 

10.98 

20 

21 

21 

18 821518 

118 810120 

0 00841679 

0053131 

6 312462 

0.15841679 

15 85 

2 326753 

11.08 

21 

22 

22 

21 644746 

137.631638 

0 00726577 

0 046201 

6 358663 

015726577 

15.73 

2.459847 

11.18 

22 

23 

23 

24 891458 

159.276384 

0.00627839 

0 040174 

6 398837 

015627839 

15.63 

2.594403 

11 28 

23 

24 

24 

28 625176 

184167841 

0 00542983 

0.034934 

6 433771 

015542983 

15.55 

2.730316 

11.38 

24 

25 

25 

32 918953 

212 793017 

0 00469940 

0.030378 

6 464149 

0 15469940 

15.47 

2.867485 

11 47 

25 

26 

26 

37 856796 

245 711970 

0 00406981 

0.026415 

6.490564 

0.15406981 

1541 

3.005815 

11 56 

26 

27 

27 

43.535315 

283.568766 

000352648 

0.022970 

6.513534 

0.15352648 

15.36 

3.145215 

11.65 

27 

28 

28 

50.065612 

327104080 

0.00305713 

0.019974 

6 533508 

0.15305713 

15.31 

3.285600 

11 73 

28 

29 

29 

57 575454 

377169693 

0.00265133 

0 017369 

6.550877 

0.15265133 

15 27 

3.426888 

11 82 

29 

30 

30 

66 211772 

434 745146 

0.00230020 

0.015103 

6.565980 

015230020 

15.24 

3 569006 

11 90 

30 

31 

31 

76 143538 

500 956918 

000199618 

0013133 

6.579113 

0 15199618 

15.20 

3 71 1882 

11.97 

31 

32 

32 

87 565068 

577100456 

0.00173280 

0011420 

6.590533 

0.15173280 

15.18 

3.855450 

12 05 

32 

33 

33 

100 699829 

664 665524 

0 00150452 

0 009931 

6 600463 

0.15150452 

15 16 

3.999649 

12.12 

33 

34 

34 

115.804803 

765 365353 

0.00130657 

0.008635 

6.609099 

0.15130657 

15.14 

4.144423 

12.19 

34 

35 

35 

133.175523 

881 170156 

0 00113485 

0 007509 

6.616607 

0.15113485 

15 12 

4.289720 

12 26 

36 

36 

36 

153 151852 

1014 345680 

0 00098586 

0 006529 

6.623137 

015098586 

15.10 

4.435491 

12 32 

36 

37 

31 

176.124630 

1167.497532 

0.00085653 

0 005678 

6.628815 

0.15085653 

15.09 

4 581692 

12.38 

37 

38 

38 

202 543324 

1343.622161 

0.00074426 

0.004937 

6.633752 

0.15074426 

15.08 

4.728282 

12.44 

38 

39 

39 

232.924823 

1546 165485 

0 00064676 

0 004293 

6.638045 

0 15064676 

15.07 

4.875224 

12.50 

39 

40 

40 

267 863546 

1 779.090308 

0 00056209 

0 003733 

6 641778 

015056209 

15.06 

5.022483 

12 56 

40 

41 

41 

308 043078 

2046 953854 

0.00048853 

0 003246 

6 645025 

015048853 

15 05 

5170030 

12.61 

41 

42 

42 

354 249540 

2354.996933 

0.00042463 

0 002823 

6.647848 

0.15042463 

15.05 

5.317834 

12 66 

42 

43 

43 

407 386971 

2709 246473 

0.00036911 

0 002455 

6 650302 

0.15036911 

15.04 

5 465872 

12 71 

43 

44 

44 

468 49501 7 

3116.633443 

0.00032086 

0002134 

6 652437 

015032086 

15.04 

5.614118 

12 76 

44 

45 

45 

538 269269 

3585 128460 

0 00027893 

0 001856 

6 654293 

015027893 

15 03 

5 762552 

12 81 

45 

46 

46 

619.584659 

4123 897729 

0.00024249 

0.001614 

6.655907 

0.15024249 

15.03 

5.911154 

12.85 

46 

47 

47 

712 522358 

4743 482388 

0 00021082 

0 001403 

6 657310 

0.15021082 

15.03 

6 059908 

12.89 

47 

48 

48 

819400712 

5456 004746 

0 00018328 

0 001220 

6 658531 

0.15018328 

15 02 

6.208798 

12 93 

48 

49 

49 

942 310819 

6275 405458 

0.00015935 

0001061 

6 659592 

015015935 

15 02 

6.357808 

12.98 

49 

50 

50 

1083 657442 

7217 716277 

000013855 

0 000923 

6 660515 

015013855 

15 02 

6.506927 

13.01 

50 
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COMPOUND INTEREST AND ANNUITY TABLE 


Amount Amount 
Of 1 Of 1 

Per Period 

What a single What a series 

$1 deposit of $1 deposits 

grows to grow to 

in the future. in the future 

The deposit A deposit 

is made at the is made at the 

beginning end 

of the first of each 

period period 


Sinking Present 

Fund Worth 
Payment Of 1 

The amount What $1 

to be to be paid 

deposited m the future 

at the end is worth 

of each today 

period that Value today 

grows to of a single 

$1 in the payment 

future tomorrow 


Present Periodic 
Worth Of t Payment To 
Per Period Amortize 1 

What $1 The mortgage 

to be paid payment 
at the end of to amortize 
each period is a loan of $1. 
worth today An annuity 
Value today certain, payable 
of a series of at the end of 
payments each period, 
tomorrow worth $1 today 


16.00 % 
ANNUAL 

Constant Annual 

Annual Total Add-on 
Percent Interest Rate 


The annual 

payment, 

including 

interest and 

principal, 

to amortize 

completely 



The total 
interest paid 
over the term 
on a loan 
of $1 The loan 
is amortized 
by regular 
periodic 
payments 


The average 
annual 
inlerest rate 
on a loan that 
is completely 
amortized by 
regular 
periodic 
payments 




S=(1-H) n 

n- d+O" —1 

1 , 


, 1 —V" 

1 ! 








s™- I 

Ss _ (1 -pi)n— 1 

V " = (i+i)H 

As = —j— 

An 1 —V n 





YR 

1 


1.160000 

1.000000 

1.00000000 

0.862069 

0.862069 

1.16000000 

116.00 

0.160000 

1600 

YR 

1 

2 

2 

1.345600 

2.160000 

0.46296296 

0.743163 

1.605232 

062296296 

62.30 

0.245926 

12.30 

2 

3 

3 

1.560896 

3.505600 

0.28525787 

0.640658 

2,245890 

0.44525787 

44.53 

0.335774 

11.19 

3 

4 

4 

1.810639 

5 066496 

0.19737507 

0.552291 

2.798181 

0.35737507 

35.74 

0.429500 

10.74 

4 

5 

5 

2.100342 

6.877135 

0.14540938 

0.476113 

3.274294 

0.30540938 

30.55 

0.527047 

10 54 

5 

6 

6 

2.436396 

8.977477 

0.11138987 

0.410442 

3.684736 

0.27138987 

27 14 

0 628339 

10.47 

6 

7 

7 

2.826220 

11.413873 

0.08761268 

0.353830 

4038565 

0.24761268 

24.77 

0.733289 

10.48 

7 

8 

8 

3.278415 

14.240093 

0.07022426 

0.305025 

4.343591 

0.23022426 

23.03 

0 . 84 f 794 

10.52 

8 

9 

9 

3.802961 

17.518508 

0.05708249 

0.262953 

4.606544 

0.21708249 

21.71 

0.953742 

10.60 

9 

10 

10 

4.411435 

21.321469 

0.04690108 

0.226684 

4.833227 

020690108 

20 70 

1.069011 

10.69 

10 

11 

11 

5.117265 

25.732904 

0.03886075 

0.195417 

5.028644 

0.19886075 

19.89 

1.187468 

10.80 

11 

12 

12 

5.936027 

30.850169 

6.03241473 

0.168463 

5.197107 

019241473 

19.25 

1.308977 

10.91 

12 

13 

13 

6.885791 

36.786196 

0.02718411 

0.145227 

5.342334 

0.18718411 

18.72 

1.433393 

11.03 

13 

14 

14 

7.987518 

43.671987 

0.02289797 

0.125195 

5.467529 

018289797 

18 29 

1.560572 

11.15 

14 

15 

15 

9.265521 

51.659505 

0.01935752 

0.107927 

5.575456 

017935752 

17.94 

1.690363 

11.27 

15 


17.00 % 
ANNUAL 


YR 

1 1 1.170000 1.000000 1.00000000 0.854701 0.854701 1.17000000 117.00 0.170000 

2 2 1 368900 2.170000 0.46082949 6.730514 1.585214 0 63082949 63.09 0.261659 

3 3 1 601613 3.538900 6.28257368 0.624371 2.209585 045257368 45.26 0 357721 

4 4 1.873887 5.140513 0.19453311 0.533650 2 743235 0 36453311 36.46 0.458132 

5 5 2.192448 7.014400 0.14256386 0.456111 3.199346 031256386 31*26 0562819 

6 6 2.565164 9.206848 0 10861480 0.389839 3.589185 027861480 27 87 0.671689 

7 7 3.001242 11.772012 0.08494724 0.333195 3.922380 0.25494724 25.50 0.784631 

8 8 3.511453 14 773255 0.06768989 0.284782 4.207163 023768989 23 77 0.901519 

9 9 4.108400 ' 18284708 0.05469051 0243404 4 450566 0.22469051 22.47 1 022215 

10 10 4 806828 22.393108 0.04465660 0.208037 4 658604 021465660 21.47 1.146566 

11 11 5623989 27.199937 0.03676479 0 177810 4.836413 0.20676479 20 68 1.274413 

'% 12 6.580067 32 823926 0.03046558 0.151974 4.988387 0.20046558 20.05 1.405587 

]•* 13 7 698679 39.403993 0.02537814 0 129892 5 .H 8280 0.19537814 19 54 1 539916 

14 14 9.007454 47 102672 0.02123022 0.111019 5.229299 0 19123022 19.13 1.677223 

15 15 10,538721 56.110126 001782209 0 094888 5.324187 0.18782209 1879 1 817331 


YR 

17.00 1 

13.08 2 

11.92 3 

11.45 4 

11 26 5 

11.19 6 

11 21 7 

11 27 8 

11 36 9 

1147 10 

11 59 11 

11.71 12 

1185 13 

11 98 14 

1212 15 
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COMPOUND INTEREST 

AND ANNUITY 

TABLE 




18.00 

% 











ANNUAL 



Amount 

Amount 

Sinking 

Present 

Present 

Periodic 

Constant 


Annual 




Of 1 

Of 1 

Fund 

Worth 

Worth Of 1 

Payment To 

Annual 

Total 

Add-on 





Per Period 

Payment 

Of 1 

Per Period 

Amortize 1 

Percent 

Interest 

Rate 





What a series 

The amount 

What $1 

What Si 

The mortgage 

The annual 

The total 

The average 





of $1 deposits 

to be 

to be paid 

to be paid 

payment 

payment. 

interest paid 

annual 





grow to 

deposited 

in the future 

at the end of 

to amortize 

including 

over (he term 

interest rate 






at the end 

is worth 

each period is 

a loan of $1 

interest and 

on a loan 

on a loan that 




The deposit 

A deposit 

of each 

today. 

worth today 

An annuity 

principal, 

of $1. The loan 

is completely 






period that 

Value today 

Value today 

certain, payable 

to amortize 

is amortized 

amortized by 





end 

grows to 

of a single 

of a series of 

at the end of 

completely 

by regular 

regular 





of each 

$1 in the 

payment 

payments 

each period, 

a loan 

periodic 

periodic 




period 

period 

future 

tomorrow 

tomorrow 

worth $1 today 

of $100 

oayments 

payments 




S=(1+i) n 

S« 

1 i 

V n_ 1 

, ia _ 1 -V" 

1 _ 1 









Ss (1-4-11"—1 

d+O" 

1 

An 1-V" 





YR 











YR 

1 

1 

1.180000 

1 000000 

1.00000000 

0847458 

0.847458 

1.18000000 

118.00 

0.180000 

18.00 

1 

2 

2 

1.392400 

2.180000 

0.45871560 

0.718184 

1.565642 

0.63871560 

63.88 

0.277431 

13.87 

2 

3 

3 

1.643032 

3 572400 

0 27992386 

0.608631 

2.174273 

0.45992386 

46.00 

0.379772 

12.66 

3 

4 

4 

1.938778 

5 215432 

0.19173867 

0.515789 

2.690062 

0 37173867 

37.18 

0.486955 

12 17 

4 

5 

5 

2.287758 

7.154210 

0.13977784 

0 437109 

3.127171 

0.31977784 

31.98 

01598889 

11.98 

5 

6 

6 

2.699554 

9 441968 

0.10591013 

0.370432 

3.497603 

028591013 

28.60 

0.715461 

11.92 

6 

7 

7 

3.185474 

12 141522 

0.08236200 

0 313925 

3.811528 

0.26236200 

26.24 

0.836534 

11.95 

7 

8 

8 

3 758859 

1 5.326996 

0.06524436 

0.266038 

4077566 

0.24524436 

24.53 

0.961955 

12,02 

8 

9 

9 

4.435454 

19085855 

0.05239482 

0.225456 

4.303022 

023239482 

23.24 

1.091553 

12.13 

9 

10 

10 

5 233836 

23 521309 

0 04251464 

0191064 

4.494086 

0.22251464 

22.26 

1,225146 

12.25 

10 

11 

11 

6 175926 

28 755144 

0.03477639 

0161919 

4.656005 

0.21477639 

21.48 

1.362540 

12.39 

11 

12 

12 

7 287593 

34.931070 

0.02862781 

0.137220 

4.793225 

020862781 

20.87 

1 503534 

12.53 

12 

13 

13 

8 599359 

42.218663 

0 02368621 

0.118288 

4.909513 

0.20368621 

20.37 

1.647921 

12.68 

13 

14 

14 

10 147244 

50 818022 

0.01967806 

0098549 

5.008062 

0.19967806 

19.97 

1.795493 

12.82 

14 

15 

15 

11 973748 

60 965266 

0 01640278 

0.083516 

5 091578 

0.19640278 

19.65 

1.946042 

12.97 

15 


YR 

1 

1 

1 190000 

1.000000 

1 00000000 

0.840336 

0.840336 

1.19000000 

119.00 

0.190000 

19.00 % 
ANNUAL 

YR 

19.00 1 

2 

2 

1 416100 

2.190000 

0.45662100 

0.706165 

1.546501 

064662100 

64.67 

0.293242 

14.66 

2 

3 

3 

1 685159 

3.606100 

0.27730789 

0.593416 

2.139917 

0.46730789 

46.74 

0.401924 

13.40 

3 

4 

4 

2.005339 

5.291259 

0.18899094 

0.498669 

2.638586 

0.37899094 

37.90 

0.515964 

12.90 

4 

5 

5 

2.386354 

7 296598 

0.13705017 

0.419049 

3.057635 

0.32705017 

32.71 

0.635251 

12.71 

5 

6 

6 

2 839761 

9.682952 

0.10327429 

0.352142 

3.409777 

0.29327429 

29.33 

0.759646 

12.66 

6 

7 

7 

3.379315 

12.522713 

0.07985490 

0.295918 

3.705695 

0.26985490 

26.99 

0.888984 

12.70 

7 

8 

8 

4 021385 

1 5 902028 

0 06288506 

0.248671 

3.954366 

0.25288506 

25.29 

1 023080 

12.79 

8 

9 

9 

4 785449 

19 923413 

0.05019220 

0.208967 

4.163332 

0.24019220 

24.02 

1.161730 

12.91 

9 

10 

10 

5 694684 

24.708862 

0.04047131 

0175602 

4 338935 

0.23047131 

23.05 

1.304713 

13.05 

10 

11 

11 

6.776674 

30.403546 

0.03289090 

0.147565 

4 486500 

0.22289090 

22.29 

1.451800 

13.20 

11 

12 

12 

8.064242 

37.180220 

0.02689602 

0.124004 

4.610504 

0.21689602 

21.69 

1 602752 

13.36 

12 

13 

13 

9.596448 

45.244461 

0.02210215 

0.104205 

4.714709 

0.21210215 

21.22 

1.757328 

13.52 

13 

14 

14 

11.419773 

54.840909 

0 01823456 

0.087567 

4.802277 

0.20823456 

20.83 

1.915284 

13.68 

14 

15 

15 

13 589530 

66 260682 

0.01509191 

0.073586 

4.875863 

0.20509191 

20.51 

2.076379 

13.84 

15 
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COMPOUND INTEREST AND ANNUITY TABLE 20.00 % 

ANNUAL 

Amount Amount Sinking Present Present Periodic Constant Annual 

0f 1 „ 1 Fund Worth Worth Of 1 Payment To Annual Total Add-on 

Per Period Payment Of 1 Per Period Amortize 1 Percent Interest Rate 


What a single 
$1 deposit 
grows to 
in the future 
The deposit 
is made at the 
beginning 
of the first 
period 

S=(1 +i)" 


YR 


1 

1 

1 200000 

2 

2 

1 440000 

3 

3 

1.728000 

4 

4 

2 073600 

5 

5 

2 488320 

6 

6 

2 985984 

7 

7 

3 583181 

8 

8 

4 299817 

9 

9 

5.159780 

10 

10 

6191736 

11 

11 

7 430084 

12 

12 

8 916100 

13 

13 

10 699321 

14 

14 

12 839185 

15 

15 

15.407022 


What a series 

The amount 

of $1 deposits 

to be 

grow to 

deposited 

in the future. 

at the end 

A deposit 

of each 

is made at the 

period that 

end 

grows to 

of each 

$1 in the 

period 

future 


Sb~(1+i)"—' 

1000000 

1 00000000 

2.200000 

0.45454545 

3.640000 

0 27472527 

5.368000 

0.18628912 

7 441600 

013437970 

9.929920 

010070575 

12.915904 

0 07742393 

16.499085 

0.06060942 

20 798902 

0 04807946 

25 958682 

0.03852276 

32.150419 

0 03110379 

39 580502 

0.02526496 

48.496603 

0 02062000 

59195923 

0.01689306 

72 035108 

0 01388212 


What $1 

What $1 

to be paid 

to be paid 

in the future 

at the end of 

is worth 

each period is 

today 

worth today 

Value today 

Value today 

of a single 

of a series of 

payment 

payments 

tomorrow 

tomorrow 

1 


0 833333 

0.833333 

0 694444 

1.527778 

0.578704 

2.106481 

0 482253 

2.588735 

0.401878 

2.990612 

0.334898 

3.325510 

0 279082 

3.604592 

0.232568 

3.837160 

0193807 

4.030967 

0 161506 

4.192472 

0134588 

4.327060 

0.112157 

4 439217 

0 093464 

4.532681 

0.077887 

4.610567 

0 064905 

4.675473 


The mortgage 

The annual 

payment 

payment. 

to amortize 

including 

a loan of $1. 

interest and 

An annuity 

principal, 

certain, payable 

to amortize 

at the end of 

completely 

each period. 

a loan 

worth $1 today 

of $100. 

Aa~ 1-V n 


1 20000000 

120.00 

0.65454545 

65.46 

0 47472527 

47.48 

0.3862S912 

38.63 

0 33437970 

33.44 

0 30070575 

30.08 

0.27742393 

27 75 

0.26060942 

26.07 

0.24807946 

24.81 

0.23852276 

23.86 

0.23110379 

23 12 

0 22526496 

22.53 

0.22062000 

22.07 

021689306 

21.69 

0.21388212 

21 39 


The total The average 

interest paid annual 
over the term interest rate 
on a ioan on a loan that 

of $1 The loan is completely 
is amortized amortized by 
by regular regular 

periodic periodic 

payments paymenis 

YR 

0.200000 

20.00 

1 

0.309091 

15.45 

2 

0.424176 

14.14 

3 

0.545156 

13.63 

4 

0.671899 

13.44 

5 

0.804234 

13.40 

6 

0.941967 

13.46 

7 

1.084875 

13 56 

8 

1.232715 

13.70 

9 

1.385228 

1385 

10 

1.542142 

1402 

11 

1.703180 

14.19 

12 

1.868060 

14 37 

13 

2.036503 

14 55 

14 

2 208232 

14.72 

15 


25.00 % 
ANNUAL 


YR 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9 9 

10 10 

11 11 

12 12 

13 13 

14 14 

15 15 


YR 


1 250000 

1.000000 

1.00000000 

0 800000 

0.800000 

1.25000000 

125.00 

0 250000 

2500 

1 

1.562500 

2 250000 

0.44444444 

0 640000 

1.440000 

0.69444444 

69.45 

0.388889 

19.44 

2 

1 953125 

3.812500 

0.26229508 

0 512000 

1 952000 

0.51229508 

51.23 

0.536885 

17 90 

3 

2.441406 

5 765625 

017344173 

0.409600 

2 361600 

0.42344173 

42.35 

0 693767 

17.34 

4 

3 051758 

8.207031 

0.12184674 

0 327680 

2 689280 

0.37184674 

37.19 

0.859234 

17 18 

5 

3 814697 

11.258789 

0.08881950 

0 262144 

2.951424 

0.33881950 

33.89 

1.032917 

17 22 

6 

4 768372 

1 5.073486 

0.06634165 

0.209715 

3161139 

0 31634165 

31.64 

1.214392 

17.35 

7 

5 960464 

19 841858 

0 05039851 

0167772 

3.328911 

0 30039851 

30.04 

1.403188 

17.54 

8 

7 450581 

25 802322 

0.03875620 

0134218 

3.463129 

0.28875620 

28.88 

1.598806 

17.76 

9 

9313226 

33 252903 

0 03007256 

0107374 

3.570503 

0.28007256 

28 01 

1.800726 

18.01 

10 

11.641532 

42 566129 

0 02349286 

0.085899 

3.656403 

0.27349286 

27.35 

2.008421 

18.26 

11 

14551915 

54 207661 

0.01844758 

0.068719 

3.725122 

0.26844758 

26.85 

2.221371 

18.51 

12 

18.189894 

68 759576 

0 01454343 

0.054976 

3.780098 

0 26454343 

26.46 

2.439065 

18.76 

13 

22 737368 

86 949470 

0.011 50093 

0 043980 

3.824078 

0.26150093 

26.16 

2.661013 

19.01 

14 

28 421709 

109 686838 

0 00911686 

0 035184 

3.859263 

0.25911686 

25.92 

2.886753 

19.25 

15 


30.00 % 
ANNUAL 


YR 


1 

1 

1 300000 

1 000000 

1 00000000 

0 769231 

2 

2 

1 690000 

2 300000 

0.43478261 

0.591716 

3 

3 

2 197000 

3.990000 

0 25062657 

0.455166 

4 

4 

2 856100 

6187000 

0.16162922 

0 350128 

5 

5 

3 712930 

9 043100 

011058155 

0 269329 

6 

6 

4.826809 

12 756030 

0 07839430 

0 207176 

7 

7 

6.274852 

17 582839 

0.05687364 

0159366 

8 

8 

8.157307 

23 857691 

0 04191521 

0122589 

9 

9 

10 604499 

32 014998 

0 03123536 

0 094300 

10 

10 

13 785849 

42.619497 

0 02346344 

0.072538 

11 

11 

17 921604 

56 405346 

0 01772882 

0.055799 

12 

12 

23 298085 

74 326950 

0.01345407 

0042922 

13 

13 

30287511 

97 625036 

0 01024327 

0.033017 

14 

14 

39 373764 

127 912546 

0.00781784 

0.025398 

15 

15 

51 185893 

167 286310 

0 00597778 

0019537 


YR 


0 769231 

1 30000000 

130 00 

0 300000 

30.00 

1 

1 360947 

0 73478261 

73.48 

0 469565 

23.48 

2 

1.816113 

0 55062657 

55.07 

0.651880 

21 73 

3 

2.166241 

0.46162922 

46 17 

0.846517 

21 16 

4 

2.435570 

0 41058155 

41 06 

1 052908 

21.06 

5 

2.642746 

0 37839430 

37.84 

1 270366 

21.17 

6 

2 802112 

0 35687364 

35.69 

1 498115 

21 40 

7 

2 924702 

034191521 

34.20 

1.735322 

21.69 

8 

3 019001 

0.33123536 

33.13 

1 981118 

22 01 

9 

3 091539 

0 32346344 

32.35 

2 234634 

22 35 

10 

3 147338 

0.31772882 

31.78 

2.495017 

22.68 

11 

3 190260 

0.31345407 

31 35 

2.761449 

23.01 

12 

3 223277 

0 31024327 

31 03 

3.033163 

23.33 

13 

3 248675 

0.30781784 

30.79 

3 309450 

23 64 

14 

3 268211 

0.30597778 

30.60 

3 589667 

23 93 

15 
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COMPOUND INTEREST AND ANNUITY 




Amount 

Amount 

Sinking 

Present 



Of 1 

Of 1 

Fund 

Worth 




Per Period 

Payment 

Of 1 



What a single 

What a series 

The amount 

What $1 



$1 deposit 

of $1 deposits 

to be 

to be paid 



grows to 

grow to 

deposited 

in the future 



in the future 

in the future. 

at the end 

is worth 



The deposit 

A deposit 

of each 

today 



is made at the 

is made at the 

period that 

Value today 



beginning 

end 

grows to 

of a single 



of the first 

of each 

$1 in the 

payment 



period. 

period. 

future 

tomorrow 



S=(1 + i)" 

Ss J.!±!jL-J. 

1 _ i . 

V"— 





Ss (1+7)"-1 

(I+i)" 

YR 






1 

1 

1 350000 

1.000000 

1.00000000 

0.740741 

2 

2 

1 822500 

2 350000 

0.42553191 

0 548697 

3 

3 

2 460375 

4.172500 

0.23966447 

0.406442 

4 

4 

3.321506 

6 632875 

0.15076419 

0.301068 

5 

5 

4 484033 

9.954381 

0.10045828 

0 223014 

6 

6 

6.053445 

14 438415 

0.06925968 

0.165195 

7 

7 

8.172151 

20.491860 

0 04879987 

0.122367 

8 

8 

11 032404 

28.664011 

0.03488695 

0.090642 

9 

9 

14 893745 

39696415 

0.02519119 

0067142 

10 

10 

20 106556 

54 590160 

0.01831832 

0049735 

11 

11 

27143850 

74.696715 

0.01338747 

0.O36841 

12 

12 

36.644198 

101.840566 

0.00981927 

0.027289 

13 

13 

49.489667 

138.484764 

0 00722101 

0.020214 

14 

14 

66,784051 

187.954431 

p.00532044 

0.014974 

16 

15 

90 1 58469 

254.738482 

0.00392559 

0.011092 


YR 


1 


1 400000 

1.000000 

1.00000000 

0.714286 

2 

2 

1.960000 

2.400000 

0.41666667 

0.510204 

3 

3 

2 744000 

4.360000 

0.22935780 

0.364431 

4 

4 

3.841600 

7.104000 

0.14076577 

0.260308 

5 

5 

5 378240 

10.945600 

0.09136091 

0.185934 

6 

6 

7.529536 

16.323840 

0.06126010 

0.132810 

7 

7 

10.541350 

23.853376 

0.04192279 

0.094865 

8 

8 

14.757891 

34,394726 

0.02907422 

0.067760 

9 

9 

20.661047 

49.152617 

0.02034480 

0.048400 

10 

10 

28.925465 

69.813664 

001432384 

0.034572 

11 

11 

40.495652 

98 739129 

001012770 

0.024694 

12 

12 

56.693912 

139.234781 

0.00718211 

0.017639 

13 

13 

79.371477 

195.928693 

0.00510390 

0.012599 

14 

14 

111.120068 

275.300171 

0.00363240 

0.008999 

IS 

15 

1 55.568096 

386.420239 

0.00258786 

0.006428 


TABLE 

Present 

Periodic 

Constant 

35.00 % 
ANNUAL 

Annual 

Worth Of 1 

Payment To 

Annual 

Total 

Add-on 


Per Period 

Amortize 1 

Percent 

Interest 

Rate 


What $1 

The mortgage 

The annual 

The total 

The average 
annual 


to be paid 

payment 

payment. 

interest paid 



to amortize 

including 

over the term 

interest rate 



a loan of $f 

interest and 

on a loan 

on a loan that 


worth today 

An annuity 

principal, 

of $1. The loan is completely 



certain, payable 

to amortize 

Is amortized 

amortized by 



at the end of 

completely 

by regular 

regular 


payments 

each period, 

a loan 

periodic 

periodic 


tomorrow 

. ‘ 1 --V" 

A "=-r~ 

worth $1 today 

Aa = T^V" 

of $100 

payments 

payments 

YR 

0.740741 

1 35000000 

135.00 

0 350000 

35.00 

1 

1.289438 

0.77553191 

77.56 

0.551064 

27.55 

2 

1.695880 

0.58966447 

58.97 

0.768993 

25.63 

3 

1.996948 

0.50076419 

50.08 

1.003057 

25.08 

4 

2.219961 

0.45045828 

45.05 

1.252291 

25.05 

5 

2.385157 

0.41925968 

41.93 

1.515558 

25.26 

6 

2.507523 

039879987 

39.88 

1.791599 

25.59 

7 

2.598165 

0.38488695 

38.49 

2.079096 

25.99 

8 

2.665308 

0.37519119 

37.52 

2.376721 

26.41 

9 

2.715043 

036831832 

36.84 

2.683183 

26 83 

10 

2.751884 

0.36338747 

36.34 

2.997262 

27.25 

11 

2.779173 

0.35981927 

35.99 

3.317831 

27.65 

12 

2.799387 

0.35722101 

35.73 

3.643873 

28.03 

13 

2.814361 

0.35532044 

35.54 

3.974486 

28.39 

14 

2.825453 

0.35392559 

35.40 

4.308884 

28.73 

15 






40.00 

% 





ANNUAL 






YR 

0 714286 

1.40000000 

140.00 

0.400000 

40.00 

1 

1.224490 

0.81666667 

81.67 

0.633333 

31.67 

2 

1.588921 

0.62935780 

62.94 

0.888073 

29.60 

3 

1 849229 

0.54076577 

54.08 

1.163063 

29.08 

4 

2 035164 

0.49136091 

49.14 

1.456805 

29.14 

5 

2.167974 

0.46126010 

46.13 

1.767561 

29.46 

6 

2.262839 

0.44192279 

44.20 

2.093460 

29.91 

7 

2.330599 

0.42907422 

42.91 

2.432594 

30.41 

8 

2.378999 

0.42034480 

42.04 

2.783103 

30.92 

9 

2.413571 

0.41432384 

41.44 

3.143238 

31.43 

10 

2.438265 

0.41012770 

41.02 

3.511405 

31.92 

11 

2.455904 

0.40718211 

40.72 

3.886185 

32.38 

12 

2.468503 

0.40510390 

40.52 

4.266351 

32.82 

13 

2.477502 

0.40363240 

40.37 

4.650854 

33.22 

14 

2.483930 

0.40258706 

40.26 

5.038818 

33.59 

15 





APPENDIX 1 



TaWe of tIhe NormaI DisTRibuiioN 



The table of areas of the normal curve between X and X for Z values is computed 
as follows: 








- X 









Z 


a 





z 

.00 

.01 

.02 

.03 

.04 

.05 

.06 

.07 

.08 

.09 

0.0 

.0000 

.0041 

.0080 

.0120 

.0160 

.0199 

.0239 

.0279 

.0319 

.0359 

0.1 

.0398 

.0438 

.0478 

.0517 

.0557 

.0596 

.0636 

.0675 

.0714 

.0753 

0.2 

.0793 

.0832 

.0871 

.0910 

.0948 

.0987 

.1026 

.1064 

.1103 

.1141 

0.3 

.1179 

.1217 

.1255 

.1293 

.1331 

.1368 

.1406 

.1443 

.1480 

.1517 

0.4 

.1554 

.1591 

.1628 

.1664 

.1700 

.1736 

.1772 

.1808 

.1844 

.1879 

0.5 

.1915 

.1950 

.1985 

.2019 

.2054 

.2088 

.2123 

.2157 

.2190 

.2224 

0.6 

.2257 

.2291 

.2324 

.2357 

.2389 

.2422 

.2454 

.2486 

.2517 

.2549 

0.7 

.2580 

.2611 

.2642 

.2673 

.2704 

.2734 

.2764 

.2794 

.2823 

.2852 

0.8 

.2881 

.2910 

.2939 

.2967 

.2995 

.3023 

.3051 

.3078 

.3106 

.3133 

0.9 

.3159 

.3186 

.3212 

.3238 

.3264 

.3289 

.3315 

.3340 

.3365 

.3389 

1.0 

.3413 

.3438 

.3461 

.3485 

.3508 

.3531 

.3554 

.3577 

.3599 

.3621 

1.1 

.3643 

.3665 

.3686 

.3708 

.3729 

.3749 

.3770 

.3790 

.3810 

.3830 

1.2 

.3849 

.3869 

.3888 

.3907 

.3925 

.3944 

.3962 

.3980 

.3997 

.4015 

1.3 

.4032 

.4049 

.4066 

.4082 

.4099 

.4115 

.4131 

.4147 

.4162 

.4177 

1.4 

.4192 

.4207 

.4222 

.4236 

.4251 

.4265 

.4279 

.4292 

.4306 

.4319 

1.5 

.4332 

.4345 

.4357 

.4370 

.4382 

.4394 

.4406 

.4418 

.4429 

.4441 

1.6 

.4452 

.4463 

.4474 

.4484 

.4495 

.4505 

.4515 

.4525 

.4535 

.4545 

1.7 

.4554 

.4564 

.4573 

.4582 

.4591 

.4599 

.4608 

.4616 

.4625 

.4633 

1.8 

.4641 

.4649 

.4656 

.4664 

.4671 

.4678 

.4686 

.4693 

.4699 

.4706 

1.9 

.4713 

.4719 

.4726 

.4732 

.4738 

.4744 

.4750 

.4756 

.4761 

.4767 

2.0 

.4772 

.4778 

.4783 

.4788 

.4793 

.4798 

.4803 

.4808 

.4812 

.4817 

2.1 

.4821 

.4826 

.4830 

.4834 

.4838 

.4842 

.4846 

.4850 

.4854 

.4857 

2.2 

.4861 

.4864 

.4868 

.4871 

.4875 

.4878 

.4881 

.4884 

.4887 

.4890 

2.3 

.4893 

.4896 

.4898 

.4901 

.4904 

.4906 

.4909 

.4911 

.4913 

.4916 

2.4 

.4918 

.4920 

.4922 

.4925 

.4927 

.4929 

.4931 

.4932 

.4934 

.4936 

2.5 

.4938 

.4940 

.4941 

.4943 

.4945 

.4946 

.4948 

.4949 

.4951 

.4952 

2.6 

.4953 

.4955 

.4956 

.4957 

.4959 

.4960 

.4961 

.4962 

.4963 

.4964 

2.7 

.4965 

.4966 

.4967 

.4968 

.4969 

.4970 

.4971 

.4972 

.4973 

.4974 

2.8 

.4974 

.4975 

.4976 

.4977 

.4977 

.4978 

.4979 

.4979 

.4980 

.4981 

2.9 

.4981 

.4982 

.4982 

.4983 

.4984 

.4984 

.4985 

.4985 

.4986 

.4986 

3.0 

.4987 

.4987 

.4987 

.4988 

.4988 

.4989 

.4989 

.4989 

.4990 

.4990 





APPENDIX 



Answers to SeIectecI Proteins 


Chapter 2 

3. $ 690.29 

4. $4952.70 

6. $206,723 

8. $8340.70 

Chapter 3 

1. $20,456.03 
3. $14,205.15 

5. $42,818.29 

7. $717.34 

9. $400,000 

10. $636,547.87, $74,367.57 

11. $8291.14 

13. (a) $1598.89 

(b) $190,330.15 

(c) $52,616.01 

(d) $1937.82 

Chapter 4 

1. 4.54 years 

3. Project A: 3 years, B — 4 years, C = 3f years 

5. Discounted payback period is 12 years. 

7. Select Project B 

8. $3,605 
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Chapter 5 

1. NPV a = si, 009.16, NPV b = S 2 ,326.29, PI A = 1.05, PI B = 1.08 

2. NPV = — $6,142, IRR = 6.28% 

5. IRR =18.125% 

7 NPV = $5 055 PI = 922 

9* EAC New = $4,703,487, EAC Rebuild = $5,447,401 


Chapter 6 


K 

NPV; 

NPV n 

20% 

18,494.44 

13,611.11 

30% 

15,809.47 

11,301.78 

40% 

13,573.47 

9,387.76 

45% 

12,590.73 

8,549.35 

49% 

11,860.01 

7,927.12 


15. Present value of $5860 = $5051.72; NPVj = 19,726.52; 

NPV n = 14,673.01; NPV r — NPV n = 5053.51 (error due to rounding) 
17. I and Loan combined becomes 8,000. 


Chapter 7 

7. (a) NPV a = $6,699, NPV B = $7,135 

(b) IRR a = 21.8%, IRR b = 18.25% 
(e) NPV* > NPV* 

9. NPV g * r > NPV* Z 
11. NPV*>NPV S * 

13. NPV*>NPVg 
15. NPV£>NPV* 

17. NPV*>NPV^ 

19. NPVg u >NPV* c 


Chapter 8 

1. After- tax 4.186% 

3. K t = 0.0485, n K p = 0.0513, n K e = 0.1096, K mc = 8.02% 


Chapter 11 

1. (a) $18,000; 

(b) old truck: $6,320, new truck: $9,400; 

(c) difference in years 1 to 10 is $3040. 

3. (a) same; 

(b) old truck: $6,640, new truck: $9,200; 

(c) difference in years 1-5, $2,560 and years 6-10, $4,520. 
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5. (a) $22,000; 

(b) old truck 1 _ 5 : $6,640, new truck^: $9,200, old truck 6 _ 10 : $6,160, and new 
truck 6 _ 10 : $9,200; 

(c) difference,_ 5 = $2,560, difference 5 = $10,000, and difference 6 _ 10 = $3,040. 

7. $2,881,100 

10. year 1: $55,160; year 2: $1,406,400 


Chapter 12 

5. (a) R a == $4,000, = $4,000; (b) MAD a = $400, MAD B = $800; 

(c) al == $300,000, al = $1,200,000; (d) o A = $548, a B = $1,095; 

(e) SV A - $150,000, SV B = $600,000; (f)_Z) A = .137, Z) B = .274 

7. (a) A w == $3,500, A x - $4,390, A y = $4,900, A z = $4,750; 

(b) Only a .03 increase in the probability of a “good” economy will shift the 
_ preferred alternative from Y to Z. 

8. A = $1,153.58, a A = $264.69 


Chapter 13 

1. CE = $6,352 

3. RAR a = $265, RAR b = - $6,275 
5. RAR = -$5,127 l CE = $263 
7. (a) CE a = 8.6, CE b = 8.48; 

(b) Independent: a A = 7.54 and a B =7.98, Perfectly correlated: a A = 12.28, cr B = 
12.81 

(c) Independent: Pr A == .8729 and Pr B = .8554; Perfectly correlated: Pr A = .7580 
and Pr B = .7454 


Chapter 14 

1. o A — $16,426.46, <j b = $66,394.65, Cov AB - $89,735,217.46 

2. al z = 0.19, af 3 = 2.82, of, = 0.94, a| 3 = 1.324, af 4 = 3.4406, = 0.94 

3. R x = S200, R } . = $175, a* = 2,000, a/ = 6,875, a/ = 2,218.75 

6. .814 invested equally in A & B and .186 invested in the risk-free security 

7. Portfolio 2 is optimal: L — 0.1413 


Chapter 15 

4. (a) NPV = $403; (b) end of year 3 _ 

5. (e) a = $4,173; skewness = 1.005; V= 3.07; NPV = $1,358 


Chapter 16 

1. a = 0.047, /? = 0.5 

3. (a) 0.0001; (b) 0.00017; (c) 0.000025; (d) 0.0001933 

5. + 2.37% 

6. (a) E(R p ) = 0.10088; (b) 0.884; (c) 0.0111 

7. 2 and 3 are overpriced 

9. (a) /?! = .24, = 1.62, yS 3 = .56; (b) 1 and 2 overpriced 
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Chapter 17 

1. (a) E(R l ) = 0.115, /?! = 3.154, E(R 2 ) = 0.037, /9 2 = 1.426, £(tf 3 ) = 0.07, /}, = 

0.4776; 

(b) Cov(R Pi , /?,„) = .012745, Cov(« P; , /?„)= .005761, CovCT?,, , 7?„) = .00193 

(c) £ = 3.154, £, = 1.426, p 3 = .4776 

(d) /?“ = .019, R% = .0415, /?? = .054 


Chapter 18 

5. (a) £(£„)= 1.2933, E(R 2l ) = .2595, £(j? 3( ) = .2724 

(b) j 8 , = 21.3101, £ = 6.1560, /? 3 = 4.8429 

(c) E(R t ) = 2.5572, £(7? 2 )= .8587, £(7? 3 ) = .70116 

(d) Reject all three projects. 


Chapter 19 

1. 133.3 units of product X; 500 units of product Y: S3,649.99 profit 

3. 


Value 


S, 

S, 


S5 

A + 

00 

25 

00 

00 

100 

A“ 

116.667 

200 

650 

16.667 

50 


5. P 2 = S2.00, P 5 = S2.50, P l = P 3 = P A - 0 
7. (a) = 250 acres, = 625 acres, X< 3 = 0 

(b) Profit = $32,500 

(c) S 3 = 125 

(d) $.125 for each additional dollar of capital; $2.50 for each additional man-day of 
labor; nothing for additional acreage 

(f) This is the amount by which the objective function decreases if the farmer is 
forced to plant 1 acre of soybeans. 

(g) $28.75 = (70)(1.25) + (8)(2.50) + (1)(0) 


Value 

5 / 

S 2 

s 3 

A" 

$3.33 

$ 2.86 

$8.75 

A" 

_i 

$ 2.00 

$4.00 

00 


11. Aj = 500; X 2 = 450; S 3 = 50; profit = $33,000 


Chapter 20 

4. Completely accept projects 5, 6 , 8 , and 10 ; partially accept projects 4 and 9 . 
NPV = $300.88 

6 . Completely accept projects 1 , 2 , 3, 4, 5, 6 , 8 , 11, and 12; partially accept projects 7 
and 10; cash inflow = $2237.71 
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5. (a) Completely accept projects 1 , 2, 3, 4, 5, 6 , 8 , and 11 ; partially accept projects 9 , 

10 , and 12 ; all budgeted funds are exhausted. 

Project Shadow Price 
11 $144.64 

6 85.67 

2 39.11 

3 29.64 

5 21.90 

4 18.72 

1 5.74 

8 0.14 


Chapter 21 

1 . Constraints are: X x 4 X 3 4 X 5 < 1 

*6 <*3 

%2 +X 4 +X 7 + X xo >2 
2X 7 < X 8 4- X 9 
X 5 4 X 9 4 X 59 <; 1 

Xi + X 2 + X 3 + X 4 + X1 + X 6 + X 7 + X b + X 9 + X 10 ±5 

2. The Integer LP formulation for the TUB Company is- 

Max NPV = 60X { 4 80X 2 4- 55X 3 4 50X 4 4 25X 5 4- 100X 6 
+ 90X 7 4 4:0X 8 4- 75X 9 4- 75X 10 4- 156X n 

Subject to: 

Budget Year 1 : 250 X x 4 300X, 4- 275X 3 4 225X 4 4 - 150X 5 

-f 400Z 6 4- 200X? 4- 350 Y 8 4- 250X 9 4- 175X 10 
4- 446.25 X n < 2000 

Budget Year 2: 200Xj 4- 250X> 4 250X 3 4 225 X 4 4 250X 5 

4 150X 6 4 150X, 4 50X 8 4 100X 9 4 175X 10 
4 403.75X (1 < 1500 

Budget Year 3: 100X, 4 150X 2 4 175X 3 4 50X 4 4 150'X S 

40Z 6 4 100X 7 4 25X 8 4 150X 9 4 175X 10 
4170Y n < 1000 

Project Interrelationships: 

(1) X 6 4 X 7 <1 

(2) X 2 4 X 6 £ 1 

(3) X ; < X 8 

(4) X 9 4 X 10 = 1 

(5) X> 4 X 4 4 Xjj < 1 

Project Acceptance: 

Xj= {0,1} j= 1,2,...,10,11 

Note: Decision variable X xl is the acceptance of the complementary Project X 2 and 
X 4 . 
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Abandonment, project, 3-4, 

6, 8, 29, 118, 425, 

466 

decision trees for, 229, 
232-37 

discounted cash flow and, 
53-55 

under risk conditions, 221, 
229, 232-42 

Accelerated cost recovery 
system (ACRS), 

134-38 

in lease analysis: lessee, 

385, 387-89, 393, 

398 

lessor, 404, 405, 407, 

411, 417 

Accounting, business-combina¬ 
tion decision, 450-56 
methodology of, 6, 443, 

450, 454-55 

Accounting net income, 
assumptions of, 4, 
350-58 

Accounting Principles Board, 
Opinion No. 16, 
451-53 

Acquisition, corporate, 441 
strategy of, 2, 7, 8, 442-44, 
456, 463 

Acquisition, new asset, 147-52, 
447-48 

Algorithms, 287, 288, 310, 

311, 346, 348, 374, 

378, 381 

Analysis derived from capital 
budgeting, 2-5 

Analyst’s role in forecasting, 
124 

Annual (capital) charge (see 
Equivalent annual 
charge) 

Annuities: 

compound sum of, 14-15 
future value and, 10, 
14-15, 18, 19, 21 
present value of, 18-22 

Annuity tables, 14, 529 - 47 

Arbitrage pricing theory 

(APT) research, 204 

Asset depreciation range, 
134-36R 


Assets: 

acquisition/disposal of, 

4, 140, 147-56 
balancing growth with, 
466-70 

depreciable value of, 
134-36, 138-45 
replacement chains of, 
93-98 

risk-free: portfolio effects, 
211, 213 

useful life of, 134, 137, 

138, 143-45 

Assumptions, capital budget¬ 
ing: 

about capital acquisitions 
programs, 3-5, 275-77 
about capital asset pricing, 
275-77 

about budgeting, 29-31 
about investment decisions, 
308 

about lease or purchase 
projects, 387-92 
of linear programming, 
289-91, 305 
of math programming 
models, 288-91, 305 
See also Reinvestment 
assumptions 
At-risk rule, 144 
Audit, post-completion, 

220 -31 

Audit forms, standard post¬ 
completion, 223- 31 


Beta value: 

in CAPM single index, 
245-49, 252, 259, 
267-69, 273 
of firm, 267-69, 272, 
273 

of portfolio, 253-55 
in project evaluation, 
264-67 

stability of, 278-79 
Bonds, 13, 16, 384, 426 

cost of debt and, 116-17, 
119-20 

holding companies for, 
449 


SubjECT IncJex 


Book values, 140, 141, 145, 

352,450,453,467,474 
Business combination, 1 
classes of, 443-47 
legal forms of, 447-50 
synergistic effects of, 441, 
443, 459, 460, 462, 

463 

vertical or horizontal, 444, 
446 

Business risk, 31, 160, 161 
cost of capital and, 110-13 


Capital abandonment idea, 

2 , 6 , 8 

Capital acquisitions program, 
3-5, 8 

Capital asset, 1, 3 
defined, 139rc 
depreciating of, 134-39, 
144-45 

growth of, 466-75 
Capital asset pricing model 
(CAPM), 172, 198, 

244- 85, 457-59,476 
assumptions about, 275-78 
cost of capital with, 245, 

267-73 

vs. covariance technique, 
255-60 

efficiency critique of, 
275-85 

firm valuation process 
and, 263, 267-73 
merger partner selected 
by, 257-59 
in project evaluation, 

263-67, 272, 273 
security market perfor¬ 
mance with, 280-81 
single-index model for, 

245- 52 

Capital budgeting, 3, 5 
during inflation period, 

5- 6 

managerial overview of, 

6 - 8 

simulation applied to, 
364-73 

under risk conditions, 
373-81 


'Page numbers in italics denote figures or tables. 


Capital budgeting manual, 

7, 8 

Capital budgeting process 
forecasting, 124 
Capital budgeting techniques, 
surveyed, 57-59 
Capital consumption and 

firm’s wealth position, 
74-76 

Capital expenditures: 
cash flows and, 147-57 
passim 

and taxation with deprecia¬ 
tion, 134-45 
Capital gains and losses, 
138-42, 145 

Capital investment projects, 

1 (see also Project) 
Capital market line (CML), 
256-58 

Capital pricing model (CPM), 
219 

Capital project evaluation, 
176-85, 263-73 
See also Project 
Capital rationing, 29-30, 

85 

goal programming for, 

330;338-49 
comprehensive, 349-58 
integer programming for, 
312, 325, 326, 330-38, 
358 

linear programming for, 
309-14, 317, 324-26, 
330 

Capital rationing, internal 
and external, 30 
Capital recovery, 23, 32, 

34, 35, 37 

Capital structure, 5, 470-72, 
475 

See also Debt and equity 
capital 

CAPM (see Capital asset 
pricing model) 
Carry-back and -forward 
capital loss, 142 
Cash flow, after-tax, 152-54 
Cash flow, equivalent (capital) 
annual (see Equivalent 
annual charge) 

Cash flow, independent, 
186-87 

Cash flow, out-of-pocket, 
149-51, 153 

Cash flow, overall net, 94-97 
Cash flow, perfectly corre¬ 
lated, 187-93 
Cash flow, unencumbered, 

firm valuation, 269-72 
Cash flows, 3, 4, 18 

in abandonment decision, 
229, 232, 234, 236-40 
annuities and, 18-19, 22 
from asset operation, 148, 
152-54 

by chance-constrained 

programming, 289-91, 
373, 374, 377-80 
computing of, 123-31, 
133-46, 318, 323-24, 
370-72 

covariance computed for 
two projects generat¬ 
ing, 200-203', 214 
determination of, 147—57 
by linear programming, 


318, 323, 324 
by Monte Carlo Co., 
370-72 

generated by multinational 
projects, 420-24 
of leasing/purchase analy¬ 
sis, 384-89, 392, 394, 
395,403,405,411-15 
in mutually exclusive 
projects, 331-32, 
334-35,342, 354-55 
from profits, 137-38, 146 
p roposed- investment 

evaluation and, 27-38 
in replacement investment 
decision, 126-31 
risk adjustment and, 
176-93 

when independent, 186 
when perfectly correlated, 
187-93 

taxation with depreciation 
and, 133-46 
timing of, 155-56 
Cash inflow: 

by certainty equivalent 
probability distribu¬ 
tions, 185-90, 193 
expenditures and, 154-55 
Cash inflows, expected termi¬ 
nal net, 425 

Cash inflows and outflows, 

discounted, 22, 62-66 
described, 40-41 
in forecasting, 123, 126-31, 
133 

IRR model for, 62-66, 
70-76 

methods for, 40-55 
multinational firm profit¬ 
ability in, 424, 425, 

432, 434, 436 
of mutually exclusive 
projects, 67-72, 76, 
82-87,90-91,94-98 
Cash outflows: 

auditing of, 217-19 
expenditures and, 147-55 
timing of, 152 

Cataclysmic risk, 31, 34, 160 
CE equations, 177, 180 
CE value, cash inflow proba¬ 
bility distribution, 
185-93 

Certainty and risk (C&E), 
30-31, 159-61, 169, 
170,172 

differentiated along with 
uncertainty, 159-61 
in math programming, 

286, 289-91,305 
Certainty conditions: 

goal programming under, 
338-58 

integer programming 

under: optimal port¬ 
folio, 312, 325, 326, 
330-38, 358 

multiperiod analysis under, 
308-26, 330-58 
uncertainty, risk, and, 
30-31, 159-61, 172, 
289 n 

Certainty conditions, assumed, 
308 

Certainty equivalent (CE) 

method, 172, 176-80, 
183-93 


risk-adjusted discount rate 
vs., 183-85 

Certainty equivalent coeffi¬ 
cient (CEC) method, 
177-79 

Certainty equivalent value 
(CE), 177, 179-80, 

184, 185-93 

Chance-constrained program¬ 
ming (CCP), 289-91, 
373, 374, 377-80 
Clayton Act, Section 7, 1950 
amendment, 464 
Commerce Clearing House 
tax service, 140 
Common stock (shares), 3, 

4, 7, 211, 268, 415, 

459, 461,463,467 
CAPM efficiency and, 

268, 280, 281 
corporate acquisition and, 
441, 442 

cost of capital and, 106, 

107, 109, 110,115, 

118 

equity of, 112—15, 474, 

475 

of multinational corpora¬ 
tions, 419, 421, 426 
See also Portfolio effect; 
Securities; Sharehold¬ 
ing; Stock; Wealth 
maximization 
Complementary projects 
with IP constraints, 
333-38 

Compound interest, 10-15, 

18, 19 

Compound interest, simple, 

10, 18 

Compound interest tables, 

11 ,529-47 

Compounding, annual, 10, 

11 

of annuities, 14-15 
rate of return and, 60, 

62, 64, 72, 96 
Compounding, continuous, 
13-14 

Computer simulation for 

multiple goals/NPV, 
360 -76, 381 
See also Monte Carlo 
simulation 
Computers: 

IBM, 337, 360-65 
with MINIT, 376 
with NORMRAN, 376 
with SIMBRANCH, 376 
software packaged for, 

294, 310, 312, 330 
Conference Board survey, 

8, 36, 37 

Conglomerate business combi¬ 
nation, 444-46 
Constrained resources, 5 
LP models with, 312, 
314-17,319, 325 
Constraint equations: 
in math programming, 

287, 293-95, 302y3 
for multiperiod analysis, 
332-33, 340, 342, 

347, 350, 355, 356 
for integer programming, 
332-37 

Constraint graphs, multiperiod 
analysis, 343-45 
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Constraints, chance (CCP), 
374-81 

Constraints, economic (hard), 
339, 341, 342, 343, 

346, 347, 352-53, 

356, 374, 377 

Constraints, goal, 339, 340, 
342, 343, 346, 347, 

350 

Constraints, goal program* 
ming, 339-53 passim, 
358 

Constraints, marketing and 
financial, 5 

Constraints, objective, 339, 
342, 353-58 passim 

Correlation coefficient: 
in calculating covariance, 
185-87, 199, 202-7 
in linear regression model, 
250-52 

Cost-effectiveness analysis, 

2 

Cost estimates and cash flows, 
147-57 

Cost-justifying, 241 

Cost of ac quisition, 

‘ Gest-dTcapifaiT5,~297l06-19,\ 
245, 263, 267-73 ( 

firm valuation, CAPM, 
245,263,267-73 
with IRR project evalua¬ 
tion, 71-72, 74 
in marginal components, 
107, 112-19 
for multinational firms, 
425-28 

of mutually exclusive 

projects (2), 87, 89-95, 
98, 100 

project evaluation and, 
267-73 

a weighted-average, 106-9, 
v 112, 117-19 

X. of financial structure 

— margin al cost, 112-19 ^ 

Costs forecasting7T237125-30 

Covariance (Cov), 185, 186, 
193, 198-207 
calculation of, 200-204, 
244-45 

capital asset pricing and, 
244-46, 250-53, 
255-56, 258-60, 
264-66 
defined, 199 

See also Variance-covariance 
model 

Currency exchange, 422, 

424, 427-30 


DCF (see Discounted cash 
flow) 

Debt: 

cost of, 108-10, 112, 
114-19 

for lessee, 387-89, 
391-93,395, 396 
and equity capital, 5, 
108—19 passim, 263, 

267- 73,408,421 
and equity in growth, 466, 

467,469-71,474-76 
variability of earnings and, 
108, 110-12 

Debt, long-term, 116-17 
Debt capacity, firm valuation, 

268- 73 


Decision making, 2-7 
under conditions of risk, 

164, 166, 169-73 
model building and, 286-88 
summarized, 288 
Decision trees, 164-69 

abandonment and, 229-30, 
232-37 

Deduction, capital loss, 108, 
141-42 

Degree of financial leverage, 
110-11 

Degree of operating leverage 
(DOL), 110-11 
Depreciable assets, 36, 53, 

133-46, 152, 156, 469 
expensing of, 142-45 
Depreciation: 

cash flow estimates and, 

4', 149, 152-56, 422 
cost of, 117-18, 125-28 
defined, 134 

investment tax credit and, 
125, 126, 142 
in lease analysis, 383, 385, 
386, 388, 391, 393, 

396, 400-408, 411 
recapture of, 139-41, 144 
in replacement investment 
decision, 123-28 
Depreciation, straight-line, 
137-38, 145 
Discount rate: 

cash flows: leasing, 385-86, 
388, 389, 391, 392, 

393, 395, 396 
present value of, 19-22 
risk-adjustment of: certainty 
equivalent compared 
to, 183-85 

return variability, 180, 
185-89 

Discounted cash flow (DCF), 

3, 8, 10-23, 176 
alternative investments 
evaluated, 27-37, 106 
computation of, 10-16 
different evaluation tech¬ 
niques for, 57-62, 
68-76 

Fisher’s intersection for, 
65-68, 74 

evaluation technique of, 
40-55 

present value and, 18-22 
with required rate of return, 
40-46, 49-51 
technique difference of, 
57-62 

Discounted cash inflows (DCI) 
and outflows (DCO), 

60, 76, 167-69 
See also Cash inflows and 
outflows 
Divestiture, 2 
DO-LOOP simulation, 

363-64 

Duality theory, LP program¬ 
ming, 302-5,324-25 
Dynamic programming (DP), 
289, 290 

Dynamic programming under 
uncertainty (DPUU), 
289, 290, 373 

Earnings after taxes (EAT), 
110-11, 155, 160, 

474 


Earnings before depreciation 
and taxes (EBDT), 
154-56 

Earnings before interest and 
taxes (EBIT), 31, 
110 - 12 , 121 - 22 , 
153-56, 160, 468 
for valuation of firm, 
268-69, 271, 474-75 

Earnings before taxes (EBT), 
110, III, 153, 156, 

468, 474 

Earnings per share (EPS), 

110 - 12 , 121 , 122 , 

160, 350, 352, 468 

Economic constraints, 339, 
341-43, 346, 347, 
352-53, 356 , 374, 

377 

Economic Recovery Tax 

Act of 1981 (ERTA), 
133-36, 143w, 144, 
385, 412, 415 

Section 1231 assets, 141-42, 
153 

Section 1245, 135, 140 
Section 1250, 140 

Efficient frontier portfolio, 

208-11, 255-60, 276, 
277 

Equivalent (capital) annual 
charge, 27, 28, 50-53, 
106 

Equity and debt capital, 5, 
108-10, 112, 114-19, 
263, 267-73, 408, 

412 

See also Debt and equity 
in growth 

Exchange-rate adjustment, 
after-tax, 425 

Exchange rates, international, 
and MNC cash flow, 
420, 422-25, 429-30, 
438 

Expansion, corporate, 442-46 

Expenses computation, 123, 
125-30 


Financial Accounting Stan¬ 
dards Board (FASB), 
455 

Statement 8, 426, 429-30 
Statement 13, 415 
Statement 20, 430 
Statement 52, 429, 430 
Financial policy and target 
growth rate, 472-74 
Financial risk, 31, 160-161 
cost of capital and, 106, 
110-15, 118 
Financial structure: 

cost of capital contributing 
to, 106-12, 116 
and strategic planning, 

466, 468-75 

Firms: 

DCF model for, 57-60, 
68-76 

risk posture of, 263-73 
passim 

Fish-bait test, 33 
Fisher’s intersection (analysis), 
65-68, 70, 74, 87, 

88, 95 

Flotation costs, 108, 113-15, 
118-19 
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Flow charts, mutually exclu¬ 
sive projects, 85, 86, 
93 

Forecasting, 2, 4, 215-42 
of cash flows, 124-31 
Forecasting models, 217 
Fortune 500 companies, 
57-58, 244, 426 


Goal constraints, 339, 340, 
342, 343, 346, 347, 

350 

Goal programming (GP), 

309, 325, 326, 338-58 
constraints in, 339-53 
passim, 358 
described, 339-41 
economic constraints of, 
352-53,356 

goals of, 349-52, 354-55 
objective functions, ap¬ 
propriate, 338-40, 
346-48, 353, 355, 
356-58 

optimal portfolios, capital 
project, 330, 338-58 
Goals, financial, 466 
Graphical solution, linear 

programming, 291-94 
Growth, capital asset, 466-75 
Growth, sustainable: 
with downward trend, 

471-72, 476 

with rising price trend, 
469-71, 476 
Growth rate (g*) value, 
467-75 


Holdia Lg company, T 4fi^5CL..., 

tTurdler^3[QSZfii*-5§j 
—^757106, 264, 267, 

272, 432 

in replacement investment 
decision, 125, 129-30 
in risk adjustment, 181, 

183 

See also Discount rate; Net 

\ present value; Rate 

of return; Required/ 1 
rate of return 


Income, ordinary, taxation 
of, 138-40 

Income accounting, 4, 108, 
350-58 

Index frontier and efficient 
frontier, 255-56 

Inflation: 

capital budgeting during, 
5-6, 124-31 

factored into unequal-use¬ 
ful-life projects, 95-98 
of multinational environ¬ 
ment, 420, 423, 424, 
428, 432, 436, 437 
sustainable growth during, 
469-71 

Integer programming (IP), 

289, 290, 309,312, 

325, 326, 330-38, 

358, 378 

for capital rationing, 312, 
325, 326, 330-38, 

358 

to determine optimal 

portfolios, 312, 325-26, 
330-38 


under uncertainty (IPUU), 
289, 290, 309 
Interaction, project, 198 
Interest rate, DCF, 8, 10-16 
Interest rates, high, 6, 35, 

420, 426 

Internal rate of return (IRR), 
44, 46-50, 58-76, 281 
companies using, 58-59 
cost of capital and, 106, 

107 

defined, 27, 28 
in determining key vari¬ 
ables, 126, 130-31 
to maximize shareholder 
wealth, 64-76, 308 
in multinational approach, 
imulation-based, 434, 
438 

mutually exclusive projects 
with, 82, 87, 88, 90, 

94 

true meaning of, 62-64 
Investment: 

discounted cash-flow tech¬ 
niques and, 40-42, 
45-46 

IRR model in, 62-64 
multinational firm profit¬ 
ability of, 424-25 
return/payback on, 3-4, 
27-29, 32, 33, 35-37, 
107, 424-25 
See also Hurdle rate; 

Internal rate of return; 
Required rate of return 
Investment, multiperiod, 

and CAPM, 281-84 
Investment, proposed, 27-37, 
106,118 

alternative opportunities 
and, 36-37 

Investment acceptance, multi¬ 
national, 425 

Investment tax credits (ITC): 
assets acquisition, new, 
and, 148-54 
depreciation and, 123, 

125, 142-45,386, 

404, 405, 410-11 
Investor behavior, 276 
Investor risk, 3, 4, 107, 108, 
112, 159, 160, 276-77, 
284 

IRR equations, 46, 67 
IRS (Federal tax) rulings, 

133, 134, 138-44 n 
ITC (see Investment tax 
credit) 


Land purchase and cash flows, 
147-52 

Larson-Gonedes model, 
459-64 

Lease payment maximum, 
calculated, 395-97, 

406 

Lease payment minimum, 
403-6, 408 

Leases, leveraged, 408-15 

Leases, unleveraged, 403-6 

Leasing, 383-97, 466 
advantage to, 384-85 
cost of capital and, 415-17 
vs. purchase, 385-87 
as capital budgeting 
decision, 392-95 


as financing decision, 
387-92 

Lessee: 

as asset-user, 383-84, 
386-87 

bargaining area between 
lessor arid, 406-8 
lessor perspective of, 400 

Lessor: 

as asset-owner, 383, 385-86 
bargaining area between 
lessee and, 406-8 
as manufacturer, 400, 
403-6 

perspective of, 400, 403-4, 
406-17 

Lessor-dealer, 400-403 

Lessor-manufacturer, 400, 
403-6 

Leverage, operating, 110, 

111 

Linear programming (LP), 
289-94, 309-14,317, 
324-26, 330-48 pas¬ 
sim 

assumptions about, 289-91, 
305 

capital rationing with, 

309-14,317,324-26, 

330 

cost-of-capital controversy 
over, 325-26 
extended with GP, 338, 

339, 341,345-46, 

348 

extended with IP, 330, 

331, 336-37 

sensitivity analysis to, 287, 
292, 294, 296-302, 
305, 317-24 

under uncertainty (LPUU), 
289, 291, 373 

Liquidation, business, 2, 8 

Liquidity, 472 

payback and, 31-33, 35, 
377 - 

Loans, 70-72, 148-49, 429 

Lorie-Savage Nine-Project 
problem, 311-16, 
346-49 

Lorie and Savage generalized 
multipliers, 309, 311, 
313 , 314 


Management, financial: 
decision making of, 2-7, 

27, 99-100, 224, 263, 
275, 278, 308, 324 
under risk conditions, 
164-73 passim, 

176-77, 188, 193 

portfolio-building insights 

for, 204-5, 207-9, 
211-12 

postcompletion audit with, 
220-22, 229 

Market extension merger, 

444, 446 

Market lines, CAPM, 256-60, 
457-58 

Market offering vs. CAPM 
validity, 280-81 

Market portfolio, 256-57, 

277, 278 _ 

identifying/using of, 
279-84 

Market-price-of-risk line, 

258 
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Market value: 

and strategic planning, 

471, 474-76 
of tax shelter, 268-69, 

272 

Martin-Scott (formulation) 
model, 268, 272 

Mathematical programming 
(MP) models, 85, 
286-305, 360-81 

McDonnell-Douglas merger, 
463 

Mean absolute deviation 
(MAD) in risk/ 
return, 162-64 

Merger, 447-48, 456-64 
accounting asset values 
and, 450-51 

Modigliani-Miller tax model, 
268, 272 

Monte Carlo simulation: 
for multinational capital 
investment, 419, 427, 
430-40 

for multiperiod analysis, 

240, 360-64 

Mortgage project’s IRR, 
63-64 

MPSX packaged LP program, 
294, 312 

Multinational corporation 
(MNC), 372, 419-40 

Multiperiod analysis: 
in CAPM, 281-84 
under conditions of cer¬ 
tainty, 308-26, 330-58 
under conditions of risk, 
360-81 

Multiple investment sinking 
fund method (MISF), 
410-14 

Mutually exclusive projects: 
DCF ranking evaluation, 

' mostly NPV, 64-76 
evaluation of, 84-100 
IP constraints for, 331-32 


Net present value (NPV) 
model, 27, 28, 40-100 

passim, 124-31 passim, 
237-39, 281, 309-60 
passim, 367-723, 

80, 384-95, 400-416, 
425-38, 457 

basic model of, elaborated, 
82-84 

certainty equivalent value 
analogous to, 177, 

179, 181-83, 185 
comparisons to, 58-62, 
64-76 

for complex projects, 44-45, 
124 

for corporation takeover, 

457 

cost of capital and, 106, 

108 

described, 28, 40-41, 177 
determination of, 41-42 
deviation over useful life 
of project, 177-85 
passim 

increased by abandonment, 
237-39, 242 
for lease-purchase: lessee 
perspective, 384, 
388-95 


lessor perspective, 400, 
403-6,413-14,416 
maximization of, 309-11, 
314,315,317,319, 
326, 331-60 passim 
comprehensive model 
of; 349-50, 352-53, 
355, 357-58 
goal programming for, 
309, 338, 342-50, 

352, 353, 355, 357-59 
integer programming 
for, 331-32, 334-36, 
338 

shareholder wealth by, 
57-62, 64-76, 309-60 
passim 

for multinational firm 
project profit, 425, 
432-34, 437, 438 
mutually exclusive project 
evaluation by, 82-100 
profile construction of, 
42-44, 65-68 
in quadratic programming, 
380 

in sensitivity analysis, 124, 
126, 129-31 
simulation for, 367-72 
superiority among tech¬ 
niques of, 57-76, 281 
See also following abbreviated 
entries of NPV 

Net present value, risk- 
adjusted, 177-85, 

207 

A NPV (negative), 41, 45, 

47, 284, 391-95,413 

NPV* (positive), 41, 42, 45, 
46, 48, 49, 105, 131, 
207, 469 

in mutually exclusive 

projects, 83-85, 89-95, 
97-100 

NPV equations, 40-42, 54, 
66-68, 82-83,310, 
331,350, 380, 425, 

434 

for lease payment, 405-6 
for mutually exclusive 
projects, 89, 91, 92, 

95, 97, 99 

for owners vs. leasing, 

3Q3_Q5 

NPV profile, 42-44 
in mutually exclusive 
projects, 65-68, 85, 

87, 88, 100 

Nonlinear programming 
(NLP), 289, 290 
under uncertainty 

(NLPUU), 298, 373, 
378, 380 


Operating loss, 138, 141-42, 
145 

Ownership vs. leasing, 383-97 


Payback method, 27, 31-36, 
58, 377, 432, 434 
including cost of funds, 
33-35 

frequent uses of, 34, 35, 
176 

Perpetuities, 18, 22-23 


PERT/critical-path-monitor- 
ing systems, 8, 219 
Plants and equipment: 
acquisition of, 147-51, 
155-56, 466 
CAPM for, 244 n 
investment level for, 135 
projects for, 1, 7, 29, 34, 

241 

sale of, 152-53 
Plants for lease, 384, 386 
Pooling business, 451-55 
Portfolio, identification of, 
278-84 

Portfolio, minimum-risk 

project, 107, 204-9, 
211-12 

Portfolio effect, 193, 198-213, 
244, 260 

of minimum risk, 204-9, 
211-12 

Portfolio parameters under 
CAPM, 252-60, 272 
Portfolio standard deviation 

of investment combina¬ 
tions, 198-214, 

253-55, 257 
Portfolio theory, 211-13 
Preferred stock: 
capital costs and, 112, 
114-15, 119,415 
in pooling, 453-54 
See also Portfolio effects; 
Securities; Sharehold¬ 
ing; Stock; Wealth 
maximization 
Prentice-Hall tax service, 

140 

Prerequisite projects, 333 
(see also Mutually 
exclusive projects) 
Present value (PV), 3, 18-21, 
100 

of annuity, 18, 21-22 
discounting cash flow to, 

28, 40-43, 45-47, 

50, 53, 54 

for identifying merger 
partner, 456-57 
in key variables determina¬ 
tion, 126, 130-31 
set by lessor-dealer, 

400-408,414-16 
of perpetuity, 23 
procedures discounting 
cash-flows to, 27-28 
See also Equivalent annual 
charge; Internal rate 
of return; Net present 
value; Profitability 
index 

Present value of investment 
tax credit value, 
400-403, 405, 415 
Price-earnings ratio (P/E), 
459-61, 465 
Price trends, 126, 129 
sustainable growth and, 
469-72,475,476 
Primal theory, LP maximiza¬ 
tion, 302-4 

Probability distribution, 

return, 160-62, 164, 

165, 241 

Production extension, 444, 

446 

Productive models of present 
value cash flow, 19 
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Profit, 3 

taxation/depreciation 
and, 133, 137-38, 

146 

Profit and loss statements, 

forecasting with infla¬ 
tion, 126-25 
Profit margin strategy, 

467-69, 472, 473, 

475, 476 _ 

Profit maximization models, 
288 

Profit-repatriated cash flow, 
multinational firm, 

436, 437 

Profitability index (PI), 
45-46, 49-50, 58, 
60,64-66, 71, 73, 

76, 82, 87, 90, 106, 

244 

companies using, 58-59 
defined, 27, 28 
maximizing wealth with 
58, 60, 64-66, 71, 
73-76, 82 
Project: 

abandonment of (see 
Abandonment) 
absolute and relative 
attractiveness of, 60 
of acquisition program, 

1-8 

classification of, 7, 28-29 
evaluation of: under risk 
conditions, 173-93, 

198 

interrelationship constraints: 
integer programming, 
331-36 

lease vs. purchase for, 386, 
387, 392-95 

of multinational corpora¬ 
tion, 421-25 
uncertainty of, 431, 436 
net present value of, 28 
(see also Net present 
value) 

ranking for, DCF, 45, 46, 

49, 50,57-60, 68-76, 
90 

review and control of, 215, 
219-20, 242 
post-completion audits 
for, 220-31 

risk adjustment of, 173-83, 
263-64 

risk analysis in, 159-60, 
166-67, 173-93 
under risk conditions, 
176-93, 263 
selection of, 263-73 
with size disparity, 85-90, 
100 

with time disparity, 90-93, 
100 

of useful life: independent 
cash flows, 187-93 
unequal, 93-100 
Project, in-progress, 219 
Project, mutually exclusive 

(see Mutually exclusive 
projects) 

Project, unsound, 215 
Project accounting income, 4 
Project attractiveness measure, 
60, 64 

Project cash benefit/cost 

forecast, 216, 218-22 


Project combination, 198-213 
covariance of, 199-207 
Project evaluation: 

CAPM in, 263, 264-67, 
272, 273 

critique of, 275-85 
Project evaluation, combina¬ 
tion, 198-213 
Project evaluation, single, 
173-85, 229 

cost of capital and, 267-73 
Project interrelationships, 
331-38 

Projects indivisible, 211 
Property (real and personal): 
depreciation or recovery 
of, 135-45, 148, 149 
types of, 143-44 
Public Utility Holding Com¬ 
pany Act of 1937, 

450 

Public utility property, asset 
depreciation range 
of, 135 

Purchase, 451-55 
vs. lease decisions, 383-95 
for capital 'project, 
392-95 

for financing, 387-92 
Purchase price and deprecia¬ 
tion, 140-42, 144, 

145 

PV equations, 401-3, 457 
for future payments, 18, 

19, 21, 23 
for perpetuity, 23 


Quadratic programming 

(QP), 289, 290, 373, 
380-81 

under uncertainty, 289, 
373, 380-81 


Random-error term in single¬ 
index CAPM, 245-46, 

_ 248 

RAR (risk-adjusted discount 
rate) value, 181-87, 

193 

Rate of return and compound¬ 
ing, 10, 11, 13-15 
See also Hurdle rate; 

Internal rate of return; 
Investment, return; 
Payback; Required 
rate of return; Return, 
expected 

Real estate, 383 (see also 
Leasing) 

Recession, 466 

Regression analysis, CAPM, 
245-52, 254 

Rehabilitation expenditures, 
144-45 

Reinvestment, 114, 421 
in DCF models, 60-62, 

64, 72 

vs. repatriation dividends, 
428-30, 436 , 437 

Reinvestment assumptions: 
in DCF technique differ¬ 
ences, 60-62, 64, 73 
defined, 60 

Reinvestment rate, 13, 19, 
42,61-62, 64, 69, 

125, 129-30 


for mutually exclusive 
projects with NPV 
model, 82-84, 87, 
90-99 

Reinvestment-repatriation 
tradeoff, 430, 434, 

436 -39 
Repatriation: 

multinational profit for, 
420-22, 424, 428-30, 
434,437 

vs. reinvestment, foreign, 
428-30, 436, 437 
Repatriation-reinvestment 
tradeoff, 430, 434, 

436 -39 

Replacement chain, asset, 
93-98 

Required rate of return: 
CAPM and, 264-66 
of discounted cash flows, 
40-46, 49-51 
of DCF, 61-62, 66, 68-70, 
72, 106 

multinational firm risk- 
adjustment of, 423-24 
NPV model and, 82-87, 

106 

See also Hurdle rate 
Research and development 
(R&D), 2, 124, 135, 

241 

Retained earnings, 113-14 
Retirement-replacement- 
betterment (RRB) 
property, 135 
Return, expected: 
and risk, 3, 4 

with CAPM, 263-68, 

276, 279, 281-83 
Monte Carlo-simulated, 
431,432,434, 438, 

439 

portfolios, 199-200, 
204-5, 208-13, 

244-45, 276, 279, 
281-83 

in programming models, 
364-77, 380 
in single projects, 4, 
161-66, 169-72, 
176-85, 181-83, 
189-93 passim 
Return-of-investment, 137 
Return-on-investment, 137 
Revenue projections, 217-18 
Risk: 

capital acquisition program 
with, 3,4, 29-31, 

34, 35 

decision making about, 

164, 166, 169-73, 
176-77,276, 427 
and expected return, 3, 4 
with CAPM, 263-68, 

276, 279, 281-83 
Monte Carlo-simulated, 
431,432, 434, 438, 

439 

for portfolios, 198-200, 
204-5, 208-13, 
244-45, 276, 279, 
281-83 

in programming models, 
364-77, 380 

in single projects, 161-66, 
169-72, 176-85, 
189-93 passim 
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Risk: ( coni .) 

financial uncertainty and, 
30-31, 159-61, 172 
measures of, 162-64, 176 
project selection under 
conditions of, 159, 
176-93 

Risk, minimum, 204-9, 
211-12 

Risk-adjusted discount rate 

(RADR), 106, 171-72, 
176, 180-93 

compared to CEC, 183-85 
by multinational firms, 

420, 423-25, 431, 

437 

variability in, 185-93 
Risk adjustment: 

with capital asset pricing 
model, 264, 267 
certainty equivalent method 
for, 176-80, 183-85 
Risk analysis, 3, 4, 30-35, 

106, 107, 159-60, 
166-67 

Risk-aversion or indifference, 
170, 171, 380 
Risk conditions: 

capital projects evaluation 
under, 176-85 
capital rationing under, 

309 

certainty, uncertainty, 
and, 30-31, 159-61, 
172, 289 n 

math programming models 
under, 360-81 
Monte Carlo simulation 
for, 360-64 

multiperiod analysis under, 
360-81 

portfolio effects under, 
198-213 

programming models under, 
286, 289, 290, 360- 81 
project evaluation under, 
173-93, 198 
Risk-free rates, 107, 264 
in certainty evaluation 
method, 177-83, 
186-90 

in Monte Carlo, 367, 370, 
372 

for multinational firms, 
425, 432, 434, 437, 

438 

in multiperiod investment, 
281-82 

Risk posture, 4, 29 

cost of capital and, 107, 

159, 160 


Sales* 

cost of, 110, 111, 117,467, 
468 

forecasting of, 123-30 
vs. trade-in asset, 154-55 
Salvage value: 

equivalent annual charge, 
41, 51, 52 

forecasts of, 124-26, 149, 

153 

in lease analysis, 385, 389, 
391,400-403,407 
present value and, 19-20 
Securities: 

CAPM for, 244-46, 252-55, 
257, 258 


financial risk and, 107, 
115-18, 198 

issue of, 114-17, 467, 469, 
470, 474, 475 
project evaluation for, 
199-200, 203, 209, 
213-14 

See also Common stock; 
Portfolio effects; Pre¬ 
ferred stock; Share¬ 
holding; Stock; Wealth 
maximization 
Securities and Exchange 
Commission, 450 
Security market line (SML), 
258-60, 266, 267, 

279 

Sensitivity analysis, 166 
of capital rationing pro¬ 
gram, 330 

key variable determination 
for, NPV, 124, 129-31 
for LP model, 287, 288, 

292, 294, 296-302, 

305, 317-24 
in project ranking, 89, 

91 

shadow prices and, 294, 
298-300, 317-24 
Sensitivity analysis variables, 
124-31,423-24, 436 
Shadow prices: 

duality theory and, 304-5 
LP solution of, 294-96, 

298, 309 

in LP sensitivity analysis 

(see Sensitivity analysis, 
LP model, shadow 
prices) 

Shareholders: 

in business combination 
legality, 447-50, 452, 
454,456,459-64 
Shareholder’s wealth maximi¬ 
zation (see Wealth 
maximization, share¬ 
holder) 

Shareholding: 

assumptions about, 3, 4, 

cost of capital and, 106, 

107, 110, 112-14, 
117-18 

See also Common stock; 
Portfolio effects; Pre¬ 
ferred stock; Securities; 
Stock; Wealth maximi¬ 
zation 

Sharpe’s single-index model, 
245-52 
Short-term 

performance/profit, 
2-4 

Simplex method, LP, 294 
Simulation, defined, 360-61 
See also Monte Carlo 
simulation 

Simulation-Based Multina¬ 
tional Capital Budget¬ 
ing Approach, 425, 

430- 40 

mechanisms of, 436-37 
output validation /analysis 
of, 438-44 

parent-company simulation 
in, 434-36 

subsidiary simulation in, 

431- 34 

Single payment /present value 


factors, 18, 42, 529-47 
Sinking fund payments, 16, 
529 - 47 

Skewness of NPV value 

distribution, 237-40 
Standard & Poor’s 500 Index 
of stocks, 57-58, 244, 
426 

Stochastic goal programming 
(SGP), 289, 290, 373 
Stochastic linear programming 
(SLP), 289-91, 373-74 
under certainty, 373-74 
Stock, 155 

holding company for, 
448-50 

See also Common stock; 
Portfolio effects; Pre¬ 
ferred stock; Securities; 
Shareholding; Wealth 
maximization 
Stock market portfolio: 

CAPM and, 277-81 
See also Portfolio effects 
Strategic planning, 1, 2 
financial component of, 

466- 76 

framework for, 2-3 
Sunk costs, 4, 154 
Sustainable growth and prices, 

467- 76 passim 

Synergistic effect, combination 
project, 441-43, 459, 
460, 462, 463 
System analysis, 2 

Tax credit: 

depreciable assets and, 
142-45 

See also Investment tax 
credit 

Tax Equity and Fiscal 
Responsibility Act 
of 1982 (TEFRA), 

133, 134, 145 
Tax legislation and lease 

analysis, 385, 403-4, 
415, 417 
Tax rate: 

in lease-purchase decision, 
387-93, 396 

for lessor, 401,404, 407-8, 
410, 411 

Tax shelter, market value 
(MTS), 268-69, 272 
Tax shield (savings) for lessor, 
400-408,410-15 
Tax write-offs: 

for leveraged leases, 408-15 
for multinational firms, 

422, 423 

Taxation, 123, 133-46, 
147-56, 386 
acquisition strategy for, 

4, 455-56 

capital expenditures and, 
133-46, 147-56 
cash flows and, 147-56, 

386 

depreciation and, 133-46, 
147-56 

of lessor-manufacturer, 

389, 403-8,410-17 
of multinational firms, 

420, 422, 423, 428-29, 
432, 434, 436-38 
See also IRS 

Taxation, state, 139-40 
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Terminal value (TV) calcula¬ 
tion, 60-62, 83-84, 
89-100, 126, 130-31 
Time disparity, 3, 85, 90-93 
Trade, multinational, and 
exchange, 422, 426, 
429 

Trade-in, asset, 145 
sales vs., 154-55 
Trade-offs (see Repatriation- 
reinvestment trade-off) 
Treasury Notes, 113, 177, 

257 

TV equations, 60, 61, 62, 

83, 84,91,92, 95, 

97, 99 


Uncertainty conditions: 
certainty, risk, and, 30-31, 
159-61, 172, 289 « 
integer programming under 
(IPUU), 289, 290, 

309 

linear programming under 
(LPUU), 289,291, 

373 

quadratic programming 
under (QPUU), 289, 
373, 380-81 

stochastic linear program¬ 
ming under (SLPUU), 
373-74 

Uniform series/compound 
amount factors, 14, 

21, 22, 529-47 
Useful life of projects: 
discount rate risk adjust¬ 


ment for, 183-93 
with independent cash 
flow variability, 
189-93, 198 

inequality for, 85, 93-100, 
364-67, 370 
differing reinvestment 
rates and, 85, 98-100 
Utility companies, 2, 27, 29, 
50-51,56, 135, 386 
Utility theory, 169-74, 198 


Valuation method, 1-2, 108, 
245, 267-73, 474-75 
Value of firm (V) and cost 
of capital, 268-73 
Variables: 

for lease analysis, 385-87 
in math programming 
models, 287-88, 290, 
291, 294-96 
with sensitivity analysis, 
297-302 

in Monte Carlo simulation: 
multiperiod analysis, 
363-64, 367, 368 
for sensitivity analysis: 
forecasting, 124—31 
Variables, endogenous and 

exogenous, simulation, 
361, 363, 364, 367, 
432, 436-37, 439 
Variance-covariance model, 
244, 245, 249-53, 
255-56, 258-60, 
264-67 

efficient frontiers CAPM 


vs., 244-45, 252-56, 
260, 264-67 
in security market line 
(SML), 257-60, 266 
in Sharpe’s single-index 
model, 245-52 
effect on two portfolio 
securities /proj ects, 
199-207, 213, 244, 
245 


Wealth maximization, share¬ 
holder, 100, 118, 179, 
277, 278 

abandonment and, 240 
in business acquisition and 
combining, 441, 
460-63 

discounted cash flow 
methods inadequate 
for, 64-76 

involving net present value, 
57-76, 82, 84, 85, 

87, 309-60 passim 
project attractiveness mea¬ 
sure shortcomings: 
IRR detrimental, 

57, 59-60, 64-76, 

82 

PI inferior, 57, 60, 64, 

71, 73-76, 82 
Wealth position and future 
consumption, 74-76 
Working capital, 147-49, 
315,320,322, 421, 

469 
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